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V l l
VISUAL AND ACOUSTIC COMMUNICATION IN THE BLUE JAY, 
C y a n o c i t ta  c r i s t a t a  (Aves, C o rv idae)
CHAPTER I  
INTRODUCTION
The Blue J a y ,  one o f  th e  more f a m i l i a r  and w id e ly  
d i s t r i b u t e d  N orth  American c o r v i d s ,  e x h i b i t s  a  wide v a r i e t y  
o f  d i s t i n c t  a c o u s t i c  and v i s u a l  com m unication s i g n a l s .  Hardy 
( 1961) made a r a t h e r  th o ro u g h  s tu d y  o f  th e  l i f e  h i s t o r y  o f  
th e  Blue J a y ,  i n c lu d in g  v i s u a l  and v o c a l  com m unication, b u t  
he d id  n o t  i n v e s t i g a t e  com m unication i n  d e p th .  Edwards 
( 1971) i n v e s t i g a t e d  th e  on togeny  o f  v o c a l i z a t i o n  i n  th e  Blue 
J a y ,  d e s c r ib in g  th e  developm ent o f  v a r io u s  c a l l s ,  a s c r i b i n g  
f u n c t io n s  to  some.
A number o f  l i f e  h i s t o r y  and b e h a v io r  s t u d i e s  on 
o th e r  New W orld ja y s  have been  made, th e  most e x te n s iv e  o f  
which a r e :  Amadon (19^^)» F l o r i d a  Scrub Jay  (Aphelocoma
c o e r u le s c e n s  c o e r u l e s c e n s ) ; Brown (19&3&, 1963b, 1964), 
Mexican (A. u l t r a m a r i n a  a r i z o n a e ) and S t e l l e r ' s  ja y s  
(C y a n o c i t t a  s t e l l e r i ) ;  and Gross (19^9) Mexican J a y .  A l l  of 
th e s e  s t u d i e s  in c lu d e  a t  l e a s t  some o b s e r v a t io n s  and comments 
on com m unication s i g n a l s  o f  th e  v a r io u s  s p e c i e s .
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Blue Jays  le n d  th em se lv es  w e l l  to  l a b o r a to r y  s t u d i e s ;  
th ey  a re  e a s i l y  r a i s e d ,  m a in ta in e d  and o b se rv ed ,  and th ey  
e x h i b i t  a  r i c h  r e p e r t o i r e  o f  b e h a v io r  p a t t e r n s .  They a d a p t  
w e l l  to  c a p t i v i t y  and , a p p a r e n t l y ,  show l i t t l e  b e h a v io r a l  
d i s t o r t i o n ,  o th e r  th a n  a  ten dency  to  be "tame" o r  u n a f r a i d  of 
humans, r e s u l t i n g  from th e  n e c e s s a r y  c o n s t r a i n t s  o f  c a p t iv e  
e x i s t e n c e ,
I  dec id ed  to  s tu d y  Blue Jay s  because  t h e i r  r e p e r t o i r e  
of com m unication s i g n a l s  i s  l a r g e  and has  n o t  been  
w e l l - d e s c r i b e d .  They a re  e a s i l y  o b se rved  i n  th e  f i e l d  and 
a re  e x c e l l e n t  s u b j e c t s  f o r  s t u d i e s  i n  c a p t i v i t y .  My 
o b j e c t i v e s  i n  th e  s tu d y  were t o  d e s c r ib e  th e  p h y s i c a l  
c h a r a c t e r i s t i c s  o f a c o u s t i c  and v i s u a l  d i s p l a y s  and to  
d e te rm in e  t h e i r  b i o l o g i c a l  s i g n i f i c a n c e .
CHA.PTER I I  
MATERIALS AND METHODS
A c q u i s i t i o n  and M aintenance of B ird s
The m a j o r i t y  o f  th e  d a t a  p r e s e n te d  h e re  were g a th e re d
d u r in g  o b s e r v a t io n s  o f  25 c a p t i v e ,  h a n d - r a i s e d  b i r d s .  A l l  of 
th e  b i r d s  were c o l l e c t e d  from  v a r io u s  l o c a t i o n s  w i t h in  
C le v e la n d  County, Oklahoma. They were a c q u i r e d  from n e s t s  a t
ages  r a n g in g  from one to  f i v e  w eeks. S ix  b i r d s  were
c o l l e c t e d  i n  th e  s p r in g  o f  1969, and, i n  1971, 19 more b i r d s  
were t a k e n  d u r in g  th e  s p r in g  and summer m on ths .
From May, 1969, u n t i l  December, 1970, th e  b i r d s  were 
k e p t  a t  my home i n  an a v i a r y  w i th  a 6 x 8 x 12 f t  in d o o r  
f l i g h t  and a 12 x  1*+ x  16 f t  o u td o o r  f l i g h t .  I n  December, 
1970 , t h e  b i r d s  were moved to  th e  Animal B ehav io r L a b o ra to ry  
on th e  N orth  Campus o f  th e  U n i v e r s i ty  o f  Oklahoma, where th ey  
were k e p t  i n  an a v ia r y  w i th  an  8 x 12 x 20 f t  in d o o r  f l i g h t  
and a 15 X 30 X 30 f t  o u td o o r  f l i g h t .  No b e h a v io r a l  
d i f f e r e n c e s  t h a t  m igh t have  been  a t t r i b u t e d  to  th e  move were 
a p p a r e n t .  O c c a s io n a l ly ,  i n d i v i d u a l  b i r d s  o r p a i r s  were 
p la c e d  i n  o t h e r ,  s m a l l e r  a v i a r i e s  f o r  s p e c i a l  o b s e r v a t io n .
If
Both n e s t l i n g  and a d u l t  d i e t s  c o n ta in e d  v a ry in g  
amounts o f  th e  fo l lo w in g  i te m s :  f r e s h  and d r i e d  f r u i t s  and
v e g e t a b l e s ,  h a r d - b o i l e d  eggs w i th  s h e l l s ,  f r e s h  m ea t,  c racked  
c o rn ,  su n f lo w e r  s e e d s ,  raw p e a n u ts ,  honey, graham c r a c k e r s ,  
P u r in a  P igeon  C h eck e rs ,  P u r in a  Dog Chow, P r u n t y 's  M ockingbird 
Food, P r u n t y 's  N e s t l in g  (Egg) Food, and v i ta m in  su p p lem en ts .  
Some l i v e  i n s e c t s  were a v a i l a b l e  d u r in g  th e  warmer months. 
Limecake, pumice b lo c k s ,  and f r e s h  w a te r  f o r  d r in k in g  and 
b a th in g  were a v a i l a b l e  a t  a l l  t im e s .
A ll  b i r d s  were banded w i th  b o th  U .S . F i s h  and 
W i l d l i f e  S e rv ic e  aluminum bands and c o lo re d  p l a s t i c  bands f o r  
i n d iv i d u a l  r e c o g n i t i o n .
O b s e rv a t io n — Methods and Equipment
V o c a l i z a t io n s  were re c o rd e d  w i th  a  Uher ^-000 R epo rt-L  
p o r t a b l e  tap e  r e c o r d e r  ( f re q u e n c y  re s p o n se  )+0 to  20 ,000  Hz) 
and a Uher o m n id i r e c t io n a l  m icrophone ( f re q u e n c y  re sp o n se  
70 to  lH-,000 H z) .  Sound a n a ly s e s  were made w i th  b o th  a 
T e k t ro n ix  ty p e  502A Dual Beam O s c i l lo s c o p e  and a Kay 
Sonagraph, model 1029-A. On th e  Sonagraph th e  f r e q u e n c y  band 
s e t t i n g  u se d  f o r  m ost a n a ly s e s  was 80 to  8 ,0 00  Hz. The wide 
band p a ss  f i l t e r ,  w i th  a  f re q u e n c y  r e s o l u t i o n  o f  3OO Hz was 
u se d  f o r  tem p o ra l  r e s o l u t i o n ,  and th e  n a rrow  band  p a ss  
f i l t e r ,  w i th  a f r e q u e n c y  r e s o l u t i o n  o f  >+5 Hz was u se d  f o r  
f re q u e n c y  r e s o l u t i o n .
Motion p i c t u r e s  were made w i th  a  model H - I 6 Bolex 
16 mm movie cam era and a 17-85 ®m Pan C inor zoom l e n s .
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Motion a n a ly s e s  of d i s p l a y s  re c o rd e d  on f i lm  w ere made by 
p r o j e c t i n g  f i l m  w i th  a B e l l  and Howell Model 173 Time and 
Motion Study P r o j e c t o r .
An E s t e r l i n e  Angus 2 0 -c h a n n e l  Event R e c o rd e r ,  coded 
i n  s e r i e s  f o r  abou t 50 b e h a v io r  p a t t e r n s  ( in c lu d in g  bo th  
v i s u a l  and v o c a l  d i s p l a y s ) ,  was u se d  to  r e c o r d  d a ta  d u ring  
o b s e r v a t io n  p e r i o d s .
Because the b ird s were "unafraid" o f humans, i t  was 
not n e c e ssa r y  to  use  a b lin d  fo r  o b serv a tio n . Most 
o b ser v a tio n s  were made w ith in  10 m o f the cage or even in s id e  
i t .  B in ocu lars (7 x 35) were used  to  f a c i l i t a t e  
id e n t i f i c a t io n  o f in d iv id u a l b ir d s .
F i e l d  o b s e r v a t io n s  and ex p erim en ts  were made 
f r e q u e n t l y  th ro u g h o u t  th e  c o u rse  o f the  s tu d y .  D ata  from 
f i e l d  o b s e r v a t io n s  a l lo w ed  me to  compare th e  b e h a v io r  of 
c a p t iv e  and w i ld  b i r d s ,  as w e l l  as  to  g a th e r  d a t a  u n d e r  f i e l d  
c o n d i t io n s  on th e  f u n c t io n  o f  d i s p l a y s .
CHAPTER I I I  
VISUAL DISPLAYS AND POSTURES
I n t r o d u c t io n  
Blue Jay s  e x h i b i t  a t  l e a s t  20 d i s t i n c t  v i s u a l  
d i s p l a y s  or p o s t u r e s .  The f u n c t io n  of a g iv e n  p o s tu r e  or 
d i s p l a y  i s  d e te rm in e d  by th e  c o n te x t  i n  which i t  i s  g iv e n ,  
and in v o lv e s  f i x e d  o r  moving a s p e c t s  o f " f a c i a l  e x p r e s s i o n , " 
head p o s i t i o n ,  body p o s i t i o n  and p i l o e r e c t i o n .  Movement i n  
g e n e r a l ,  as w e l l  as movement o f  s p e c i f i c ,  o f t e n  v i s u a l l y  
co n sp icu o u s ,  p a r t s  o f  th e  body or plumage, s e r v e s ,  a t  l e a s t  
i n  p a r t ,  to  g iv e  v i s u a l  em phasis  to  d i s p l a y s .  I n  many c a se s  
movement f u n c t io n s  o n ly  t o  em phasize a v i s u a l  d i s p l a y  w i th o u t  
changing  i t s  m eaning , j u s t  as  an in c r e a s e  i n  volume m ight 
emphasize an a c o u s t i c  s i g n a l .
Components o f  V isu a l  S ig n a ls  
The components o f  p o s tu r e s  and d i s p l a y s  t h a t  f u n c t io n  
as  com m unication s i g n a l s  i n  th e  Blue Jay  may be grouped  i n t o  
th r e e  c a t e g o r i e s :  1) " f a c i a l  e x p re s s io n "  and head  p o s i t i o n ,
2) body p o s i t i o n ,  3) movement and p o s i t i o n  o f  p lum age. Each 
c a te g o ry  has s e v e r a l  v a r i a t i o n s ,  each o f  w hich  i s  g ra d e d ,  o r 
c o n t in u o u s ly  v a r i a b l e .
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1. "F a c i a l  e x p r e s s io n " and head  p o s i t i o n  may be 
m o d if ie d  i n  s e v e r a l  ways. The p o s i t i o n  o f  th e  c r e s t  v a r i e s  
from e r e c t  t o  a p p re s s e d ,  th e  p o s i t i o n  o f  th e  m an d ib les  v a r i e s  
from open to  c lo s e d ,  and th e  p o s i t i o n  o f  th e  head  may be 
below , a t  th e  same l e v e l  a s ,  or above th e  body a x i s .  The 
d i r e c t i o n  of p o i n t  of th e  b i l l  i s  im p o r ta n t ,  b u t  h ig h ly  
v a r i a b l e .
2 .  Body p o s i t i o n s  v a ry ,  b u t  can  be p la c e d  i n  s e v e r a l  
g ro u p s .  The body i s  c o n s id e re d  c ro uched  when th e  a n k le  j o i n t  
i s  b en t  so t h a t  an an g le  o f l e s s  th a n  90°  i s  form ed by th e  
t i b i o t a r s u s  and th e  t a r s o m e t a t a r s u s . When th e  body i s  i n  th e  
n e u t r a l  p o s i t i o n ,  as d u r in g  p e r io d s  o f m ild  a c t i v i t y  or 
i n a c t i v i t y ,  t h i s  a n g le  ap p ro x im ate s  9 0 ° .  I n  th e  " t i p t o e d "  
p o s i t i o n  th e  a n g le  i s  g r e a t e r  th a n  90 ° .
The o r i e n t a t i o n  o f  th e  body w i th  r e s p e c t  to  th e  
h o r i z o n t a l  v a r i e s  among and w i t h i n  d i s p l a y s .  The body i s  
sometimes r o t a t e d  from th e  n e u t r a l  p o s i t i o n  (body a t  an  a n g le  
o f ab o u t 49°  w i th  th,e h o r i z o n t a l )  so  t h a t  th e  head  and upp er  
t o r s o  move v e r t i c a l l y  up o r down. Extrem es o f  t h i s  p o s i t i o n  
occu r when th e  body i s  h e ld  n e a r l y  p e r p e n d ic u l a r  t o  th e  p e rc h  
o r  when th e  head  i s  low ered  to  a p o i n t  where i t  i s  below th e  
p e rc h .  The p o i n t  o f  r o t a t i o n  o f  th e  body may be e i t h e r  th e  
a n k le  o r  knee j o i n t .
O c c a s io n a l ly ,  d u r in g  a  d i s p l a y ,  th e  f e e t  l e a v e  th e  
p e rc h  e n t i r e l y ,  a l th o u g h  th e  b i r d  does n o t  i n i t i a t e  f l i g h t  or 
sp re a d  i t s  w in g s ,  b u t ,  i n s t e a d ,  r e t u r n s  to  th e  p e rc h .  This
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type  o f  body movement i s  u s u a l l y  a s s o c i a t e d  w i th  i n t e n s e  
e x c i te m e n t .  F i n a l l y ,  th e  b i r d  may be i n  f l i g h t  a t  some p o in t  
d u r in g  a d i s p l a y .
3 . The movement and p o s i t i o n  of plumage i s  an  
im p o r ta n t  component o f  v i s u a l  d i s p l a y s .  D i f f e r e n t  d e g re e s  o f 
p i l o p  c t i o n  a re  o b se rved  w i t h i n  and among d i s p l a y s  and
to  have  com m unicative s i g n i f i c a n c e .  M o rr is  (1956) has 
d e s c r ib e d  f o u r  d e g re e s  of p i l o e r e c t i o n ,  and I  w i l l  a d h e re  to  
h i s  d e s c r i p t i o n s  when d i s c u s s i n g  p i l o e r e c t i o n  i n  t h i s  p a p e r .  
They a re  as fo l lo w s  : 1) s l e e k e d ,  th e  plumage i s  a c t i v e l y
d e p re s s e d  a g a i n s t  th e  body; 2 ) r e l a x e d ,  th e  plumage i s  n e i t h e r  
a c t i v e l y  d e p re s s e d  n o r  e r e c t e d ;  3 ) f l u f f e d ,  th e  plum^^e i s  
p a r t i a l l y  e r e c t e d  and th e  f e a t h e r s  rem ain  i n  c o n t a c t  w i th  
each  o t h e r ;  4 )  r u f f l e d ,  th e  plumage i s  f u l l y  e r e c t e d ,  and the  
f e a t h e r s  no lo n g e r  rem a in  i n  c o n t a c t  w i th  each  o t h e r .
The w ings and t a i l  a r e  o f t e n  moved d u r in g  d i s p l a y s ;  
th e y  may be f l u t t e r e d ,  f l i c k e d  o r  h e ld  s t a t i o n a r y .  Both th e  
w ings and t a i l  may be fan n ed  ( i . e . ,  moved from th e  c lo s e d  to  
th e  open p o s i t i o n  or to  some p o i n t  betw een th e s e  ex tre m e s)  
w h i le  th ey  a r e  f l u t t e r e d  or f l i c k e d .  I f  th e  w ings  and  t a i l  
a r e  h e ld  s t a t i o n a r y  d u r in g  a d i s p l a y  they  may be h e ld  a t  any 
p o i n t  from c lo s e d  to  f u l l y  f a n n e d .
The Blue Jay  i s  a  s t r i k i n g l y  marked b i r d  and some 
a t t r i b u t e s  o f  i t s  c o lo r in g  a p p e a r  to  be im p o r ta n t  i n  v i s u a l  
d i s p l a y s .  The b la c k  f a c i a l  mask and c o l l a r  p ro b a b ly  g iv e  
added v i s u a l  em phasis to  d i s p l a y s ,  e s p e c i a l l y  t o  th o s e
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d i s p l a y s  in v o lv in g  movement o f  th e  head  as w e l l  as th o s e  i n  
which th e  d i s p l a y in g  b i r d  i s  w i t h i n  s e v e r a l  m e te rs  o f  th e  
anim al to  w hich  th e  d i s p l a y  i s  d i r e c t e d .  C o u r tsh ip  and 
a g o n i s t i c  p o s t u r e s  and d i s p l a y s  o f t e n  in v o lv e  v a r io u s  d e g re es  
of p i l o e r e c t i o n  whereby d a rk  a r e a s  o f  th e  plumage a re  
in c r e a s e d  i n  a r e a .
The w h i te  and b la c k  wing and t a i l  b a rs  a re  co n sp icu o u s  
d u r in g  movement. F l u t t e r i n g ,  f l i c k i n g  and fa n n in g  o f  th e  
wings and t a i l  make th e s e  b a r s ,  p a r t i c u l a r l y  th e  w h i te  o n es , 
q u i t e  o b v io u s .
P o s tu re s  and  D isp la y s
V isu a l  com m unication s i g n a l s  may be p la c e d  i n  t h r e e  
g roups on th e  b a s i s  o f  f u n c t i o n a l  and p h y s i c a l  s i m i l a r i t i e s .  
The f i r s t  group o f  p o s t u r e s ,  w h ich  do n o t  ap p ea r  to  f u n c t i o n  
as com m unicative  s i g n a l s ,  i n c l u d e s  th o se  assumed d u r in g  
m ain ten an ce  a c t i v i t i e s .  They a r e  c h a r a c t e r i z e d  by r e l a x e d  or 
f l u f f e d  plum age, n e u t r a l  body p o s i t i o n ,  a p p re s s e d  w ings and 
c lo s e d  t a i l .  The second group i s  c h a r a c t e r i z e d  f u n c t i o n a l l y  
as p r i m a r i l y  a g o n i s t i c  and i s  a s s o c i a t e d  w i th  e r e c t i o n  of 
body plumage and , e s p e c i a l l y ,  h e ad  plumage and a b ru p t  
movements, i f  any , o f wings and t a i l .  The l a s t  group o f  
d i s p l a y s  f u n c t i o n s  as su b m iss iv e  o r  s o l i c i t a t i v e  s i g n a l s ,  and 
i s  a s s o c i a t e d  w i th  s le e k in g  o f  b o th  head  and body plumage and 
f l u t t e r i n g  ty p e  movements o f  th e  wings and t a i l  i f  t h e s e  
appendages a r e  moved a t  a l l .  Each o f  th e s e  ty p es  w i l l  be 
d i s c u s s e d  below .
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M aintenance P o s tu re s  
N e u t ra l  p o s tu r e  (F ig .  1 ) .  T h is  p o s tu r e  i s  assumed by 
th e  b i r d  d u r in g  p e r io d s  o f  m ild  a c t i v i t y  (n o t  i n c lu d in g  long  
r e s t  p e r io d s  or s l e e p i n g ) ,  f o r  exam ple, as a b i r d  f o r a g e s  on 
th e  ground  o r up i n  th e  v e g e t a t i o n .
I n  n e u t r a l  p o s t u r e ,  th e  c r e s t  and plumage a re  
r e l a x e d ;  th e  b i l l  i s  c lo s e d  and p o in te d  fo rw a rd .  The body i s  
i n  n e u t r a l  o r i e n t a t i o n  to  th e  h o r i z o n t a l ,  and th e  w ings and 
t a i l  a re  f u l l y  c lo s e d .  Of c o u r s e ,  as  th e  b i r d  moves, a s p e c t s
o f  th e  p o s tu r e  a r e  n e c e s s a r i l y  m o d if ie d  by th e  n a tu r e  o f  th e
a c t i v i t y .  For exam ple, i f  th e  b i r d  i s  fo ra g in g  i t  moves
a b o u t  a c t i v e l y  lo o k in g  f o r  and p ic k in g  up food i te m s .
S le ep in g  (F ig .  2 ) .  W hile  a  Blue Jay  i s  a s l e e p ,  th e  
c r e s t  i s  r e l a x e d  and th e  body plumage i s  u s u a l l y  f l u f f e d .
The body i s  c ro uched , and th e  b i r d  may r e s t  i t s  f u l l  w e ig h t  
on on ly  one f o o t .  The head  i s  u s u a l l y  tu rn e d  backward w i th  
th e  b i l l  n e a r l y  p a r a l l e l  to  th e  body a x is  and tu ck e d  beh in d  
th e  w ing. At t im e s  th e  head  i s  m ere ly  low ered  be tw een  th e  
s h o u ld e r s ,  g iv in g  th e  b i r d  a  hunched a p p e a ra n c e .  T his  
hunched ap p ea ra n c e  i s  o f t e n  se en  d u r in g  m id a f te rn o o n  r e s t  
p e r i o d s .  During daytim e r e s t  p e r i o d s ,  th e  b i l l  i s  n e v e r  
tu ck ed  b e h in d  th e  wing; w h e re a s ,  d u r in g  n o c tu r n a l  s l e e p in g  
th e  head  i s  tu rn e d  back and th e  b i l l  tu ck ed  b e h in d  th e  wing 
more o f t e n  th an  i t  i s  hunched w i th  th e  b i l l  p o i n t i n g  fo rw a rd .
T h erm o reg u la to ry  p o s tu r e s
H eat c o n se rv in g  p o s tu r e  (F ig .  3)* B ird s  o f t e n  assume
F ig u r e  1 . N e u t r a l  p o s t u r e .
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F ig u r e  2 .  S l e e p i n g .
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F ig u r e  3 . Heat c o n se rv in g  p o s tu r e .
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t h i s  p o s t u r e ,  w hich i s  c h a r a c t e r i z e d  by f l u f f i n g  o f  a l l  body 
and head plum age, on c o ld  days when th e y  a re  i n a c t i v e .
A ccording to  M orris  (1956) f e a t h e r s  i n  th e  f l u f f e d  p o s i t i o n  
( f e a t h e r s  e r e c t  b u t  s t i l l  i n  c o n ta c t  w i th  one a n o th e r )  
f a c i l i t a t e  h e a t  c o n s e r v a t io n  because  th e  e n tra p p e d  a i r  sp a c e s  
betw een them have r e a c h e d  maximum s i z e ,  th u s  p ro v id in g  th e  
g r e a t e s t  i n s u l a t i o n  p o s s i b l e .
C oo ling  p o s t u r e . On v e ry  warm d a y s ,  i n a c t i v e  j a y s  
o f t e n  p e rc h  w i th  t h e i r  f e a t h e r s  r u f f l e d  ( f u l l y  e r e c t  and no 
lo n g e r  i n  c o n ta c t  w i th  one a n o th e r ) .  M orris  (1956) c o n te n d s  
t h a t  r u f f l i n g  of f e a t h e r s  i n c r e a s e s  h e a t  l o s s  becau se  
e n tra p p e d  a i r  sp aces  and , c o n c o m ita n t ly ,  i n s u l a t i o n  a r e  l o s t  
when th e  f e a t h e r s  l o s e  c o n t a c t .  A r u f f l e d ,  i n a c t i v e  B lue Jay  
would lo o k  much l i k e  t h e  one i l l u s t r a t e d  i n  F ig .  3 ,  e x c e p t  
t h a t  i t  would have a ra g g e d  o u t l i n e .
B a th in g . D uring b o th  w a te r  b a th in g  and s u n b a th in g  th e  
f e a t h e r s  a r e  r u f f l e d  and th e  w ings and t a i l  f u l l y  fa n n e d .  
R u f f l in g  o f  f e a t h e r s  d u r in g  b a th in g  p ro b a b ly  f a c i l i t a t e s  
w e t t in g  (by w a te r )  o r  warming (by th e  sun) o f  b o th  th e  f e a t h e r s  
and th e  s k i n .  P re e n in g ,  w hich  alw ays fo l lo w s  w a te r  b a th in g  and 
o c c a s i o n a l l y  fo l lo w s  s u n b a th in g ,  i s  pe rfo rm ed  w i th  th e  f e a t h e r s  
r u f f l e d .  R u f f l in g  o f  th e  f e a t h e r s  im m ed ia te ly  a ro u n d  th e  
c lo a c a  o c c u rs  d u r in g  d e f e c a t i o n .
A g o n is t i c  P o s tu re s  and D isp la y s  
I n v e s t i g a t o r y  p o s t u r e  (F ig .  4-). T h is  p o s t u r e ,  f i r s t  
d e s c r ib e d  by Hardy (1 9 6 1 ) ,  i s  assumed by a  B lue Ja y
F ig u re  h.  I n v e s t i g a t o r y  p o s t u r e .
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i n v e s t i g a t i n g  s t r a n g e  o b j e c t s  t h a t  may o r  may n o t  pose  a 
t h r e a t .  I n  t h i s  p o s t u r e ,  t h e  b i l l  i s  c lo s e d  and p o in te d  
fo rw a rd ,  th e  c r e s t  i s  f l u f f e d ,  and th e  head  i s  h e ld  above th e  
t a i l  and body a x i s . The body i s  h e ld  i n  n e u t r a l  o r  s l i g h t l y  
" t i p t o e d "  p o s i t i o n  w i th  body plumage f l u f f e d .  The wings a re  
a p p re s s e d  and th e  t a i l  i s  s l i g h t l y  fan n e d .
A l e r t  p o s t u r e . The a l e r t  p o s tu r e  i s  q u i t e  s i m i l a r  to  
i n v e s t i g a t o r y  p o s t u r e  e x c e p t  t h a t  th e  wings and t a i l  a re  
o c c a s i o n a l l y  f l i c k e d .  I f  th e  b i r d  i s  i n  m o tion  d u r in g  
i n v e s t i g a t o r y  p o s t u r e  o r  a l e r t  p o s t u r e ,  movements a r e  u s u a l l y  
s t i f f  and j e r k y .  The b i r d  i s  e a s i l y  s t a r t l e d  and a p p e a rs  
rea d y  f o r  i n s t a n t a n e o u s  f l i g h t .
A g g re ss iv e  P o s tu re s  and D isp la y s  
The c h a r a c t e r i s t i c s  o f  a g g r e s s iv e  p o s t u r e s  o f  B lue 
Jay s  v a ry  w i th  th e  i n t e n s i t y  o f  a g g re s s io n  shown by th e  
d i s p l a y in g  b i r d  o r  b i r d s . A lthough  t h i s  v a r i a t i o n  i s  
c o n t in u o u s ,  i t  i s  p o s s i b l e  to  c h a r a c t e r i z e  t h e  p o s tu r e s  
o b se rved  a t  th e  ex trem es  (m ild  t o  i n t e n s e )  o f  a g g r e s s io n .
M ild a g g r e s s io n  (F ig .  5)* A ggress ive  e n c o u n te r s  o f 
low i n t e n s i t y  o c c u r r e d  f r e q u e n t l y  among th e  c a p t iv e  j a y s .  An 
example o f  t h i s  i s  th e  s u p p la n t in g  o f  one b i r d  by a n o th e r  on 
a p e rc h  or a t  a f e e d in g  a r e a .  The p o s tu r e  o f  th e  a g g re s s o r  
i n  such  e n c o u n te r s  i s  e a s i l y  r e c o g n iz e d .  The b i l l  i s  c lo s e d  
and p o in te d  fo rw a rd  and th e  c r e s t  i s  f l u f f e d .  The head  i s  
u s u a l l y  h e ld  above th e  t a i l  and body a x is  w h i le  th e  body 
i t s e l f  i s  s l i g h t l y  c ro u c h e d . The body plumage i s  s l e e k e d  or
F i g u r e  5 . M ild  a g g r e s s i o n .
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r e l a x e d ,  th e  w ings a r e  a p p re s s e d  and th e  t a i l  i s  s l i g h t l y  
fa n n e d .
I n t e n s e  a g g r e s s io n  (F ig .  6 ) .  A g g re ss iv e  e n c o u n te r s  
o f  h ig h  i n t e n s i t y  o c c u r re d  i n f r e q u e n t l y  i n  my c a p t iv e  b i r d s  
e x c e p t  d u r in g  th e  b re e d in g  s e a s o n ,  when th e y  a re  common. At 
t h i s  tim e th e  b i r d s  show an  i n c r e a s e  i n  t h e  amount o f  
d e fe n s iv e  b e h a v io r ,  i . e . ,  " c la im in g "  o r " s t e a l i n g "  fo o d ,  n e s t  
m a t e r i a l ,  m a te s ,  p e rc h in g  s i t e s ,  e t c .
A h i g h ly  e x c i t e d ,  a g g r e s s iv e  B lue Jay  assumes a 
c h a r a c t e r i s t i c  p o s t u r e .  The b i l l  i s  open and d i r e c t e d  a t  th e  
o b j e c t  o f  a g g r e s s io n .  The c r e s t  i s  f u l l y  e r e c t  o r  r u f f l e d ,  
w h i le  th e  p o s i t i o n  o f  th e  head  w i th  r e s p e c t  t o  th e  body a x i s  
v a r i e s .  The w ings and t a i l  a r e  a t  l e a s t  p a r t i a l l y ,  and o f t e n  
f u l l y  fa n n e d .  Sometimes th e  w ings o r  t a i l  o r  b o th  a r e  f l i c k e d .
In  h ig h  i n t e n s i t y  a g g r e s s io n  t h e  d e g re e  o f  
p i l o e r e c t i o n  v a r i e s  c o n s id e r a b ly .  I n f r e q u e n t l y ,  th e  plumage 
i s  s le e k e d  o r  even  r e l a x e d .  B i l l  sn ap p in g  may accompany 
i n t e n s e  a g g r e s s iv e  d i s p l a y s .
The a g g r e s s iv e  e n c o u n te r  (F ig .  7 ) .  F ig .  7 i s  a 
s k e tc h  o f t h r e e  B lue Jay s  ( th e  two shown upperm ost a re  
in v o lv e d  i n  th e  e n c o u n te r )  d u r in g  an  a g g r e s s iv e  e n c o u n te r .
Both b i r d s  e x h i b i t  some o f  th e  c h a r a c t e r i s t i c s  o f  th e  
a g g re s s iv e  p o s t u r e .  The b i r d  on th e  l e f t  e v e n t u a l l y  won t h i s  
e n c o u n te r ,  w hich  was r e c o rd e d  on f i l m ,  by s u p p la n t in g  th e  
o th e r  b i r d .  Note th e  p o s i t i o n  o f  th e  w i n n e r ' s  head  w i th  
r e s p e c t  to  i t s  own body and th e  body and head  of th e  o th e r
F ig u re  6 .  I n t e n s e  a g g re s s io n .
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b i r d .  V ic to ry  i n  an a g g re s s iv e  e n c o u n te r  can  be p r e d i c t e d  
by n o t in g  th e  p o s i t i o n  o f  th e  w in n e r ’ s head  w i th  r e s p e c t  to  
th e  body a x is  and th e  head  o f th e  o p p o se r .  The w i n n e r ' s  head  
n e a r l y  alw ays i s  e i t h e r  h o r i z o n t a l  to  o r  below i t s  own body 
a x i s  and t a i l ,  and below th e  head  o f  i t s  o p pon en t.
T here  a r e  two o th e r  f a c t o r s  t h a t ,  to  some d e g re e ,  
p r e d i s p o s e  v i c t o r y  i n  a g g re s s iv e  e n c o u n te r s .  Most im p o r ta n t  
i s  th e  b i r d s '  p o s i t i o n  i n  th e  e s t a b l i s h e d  dominance h i e r a r c h y ;  
th e  subdom inant i n  an a g g r e s s iv e  e n c o u n te r  n e a r l y  alw ays 
l o s e s ,  p resum ab ly  by c h o ic e .  F r e q u e n t ly  a  b i r d  may s u p p la n t  
a n o th e r  b i r d  by a  " s u r p r i s e  a t t a c k . "  I n  t h i s  c a s e ,  th e  
a g g re s s o r  f l i e s  tow ard  o r  a p p ro ach es  th e  a t t a c k e d  b i r d  i n  
such  a way t h a t  i t  can n o t  se e  th e  a p p ro a c h .  This s e r v e s  to  
s t a r t l e  th e  a t t a c k e d  b i r d  and , i n v a r i a b l y ,  i t  i s  d i s p l a c e d .  
T his  k in d  o f  ap p ro ach  may p e rm i t  a  b i r d  t o  w in  an e n c o u n te r  
over an  opponen t t h a t  i s  h ig h e r  i n  th e  dominance h i e r a r c h y .
F ig h t in g  (F ig .  8 ) .  On r a r e  o c c a s io n s ,  two Blue Jay s  
w i l l  become in v o lv e d  i n  a  f i g h t .  F i g h t s  u s u a l l y  occu r  when 
one b i r d  r e f u s e s  to  be d i s p l a c e d  from  a p e rc h  o r  f e e d in g  
s t a t i o n ,  o r when t h e r e  i s  a  d i s p u t e  o v e r  p o s s e s s i o n  o f  a  foo d  
i te m . When two b i r d s  a r e  f i g h t i n g  th e y  a r e  i n  h o v e r in g  
f l i g h t ,  f a c e  to  f a c e  w i th  body plumage r u f f l e d ,  c law in g  a t  
each  o t h e r .  A f t e r  a  few b o u ts  o f  c law ing  and h o v e r in g ,  one 
b i r d  c h ase s  th e  o t h e r  u n t i l  i t  e s c a p e s  and i s  a  good d i s t a n c e  
from th e  c h a s e r  o r  u n t i l  th e  ch ased  b i r d  i s  c o rn e re d  and 





d i s c u s s e d  l a t e r .  Body c o n ta c t  d u r in g  f i g h t s  i s  i n f r e q u e n t .
Simple bobbing (F ig .  9 ) .  T h is  d i s p l a y  i s  g iv e n  i n  
b o th  a g o n i s t i c  and se x u a l  c o n te x t s ,  and i s  th e  m ost f r e q u e n t  
d i s p l a y  g iv e n  by Blue J a y s .  The s im p le  bob, w hich i s  r a r e l y  
ob served  unaccom panied by v o c a l i z a t i o n ,  f u n c t io n s  p r i m a r i l y  
to  add v i s u a l  em phasis to  v o c a l  s i g n a l s .  F i e ld  o b s e r v a t io n s  
r e v e a l  t h a t  when bobbing in v o lv e s  com m unication among 
i n d i v i d u a l s  a t  some d i s t a n c e  (over  a b o u t  50 m) t h e r e  a r e  
n e a r l y  a lw ays c o n s p e c i f i c  o b s e r v e r s  p r e s e n t  and , i n  my 
e s t im a t i o n ,  t h e i r  v iew  o f  th e  d i s p l a y i n g  b i r d  i s  good.
Simple bobbing  a l s o  accom panies v o c a l i z a t i o n s  g iv e n  among 
groups o f  b i r d s  i n  c lo s e  p r o x im i ty ,  b u t  i t  i s  l e s s  
c o n s i s t e n t l y  employed i n  th e  p r e s e n c e  o f  c o n s p e c i f i c  o b s e rv e r s  
a t  c lo s e  ra n g e  th a n  th o se  t h a t  a r e  a t  a  d i s t a n c e .
I  r e c o rd e d  th e  number o f  v o c a l i z a t i o n s  w i th  o r w i th o u t  
bobbing d i s p l a y s  by ja y s  i n  th e  p re s e n c e  o f  p ro x im a te  o r  
d i s t a n t  c o n s p e c i f i c  o b s e r v e r s .  Of 308 v o c a l i z a t i o n s  g iv e n  a t  
a d i s t a n c e  o f  over  50 m from th e  o b s e r v e r ,  2k6 (80^) were 
accompanied by b obb ing . Only 189 o f  517 v o c a l i z a t i o n s  (37^) 
g iv en  l e s s  th a n  50 m from th e  o b s e rv e r  were accom panied by 
bobb ing . There i s  a s i g n i f i c a n t l y  (X^ = ^ 13 . 3 6 , P <  .005) 
h ig h e r  f r e q u e n c y  o f  bobbing a s s o c i a t e d  w i th  v o c a l i z a t i o n s  
in v o lv in g  d i s t a n c e  com m unication th a n  w i th  v o c a l i z a t i o n s  
in v o lv in g  p ro x im a te  com m unication .
The h y p o th e s is  t h a t  bobbing i s  im p o r ta n t  i n  v i s u a l  
com m unication among b i r d s  l o c a t e d  some d i s t a n c e  from each
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o th e r  i s  f u r t h e r  s t r e n g th e n e d  by th e  f a c t  t h a t  i t  n e v e r  
accom panies th o s e  v o c a l i z a t i o n s  t h a t  in v o lv e  com m unication 
betw een i n d i v i d u a l s  w i th in  10 m o f  each  o t h e r .  The food  
begging c a l l  o f  th e  young, th e  c o u r t s h ip  fe e d in g  or c o p u la t io n  
s o l i c i t a t i o n  c a l l  o f th e  a d u l t  fem a le  a re  n e v e r  accom panied by 
bobb ing . I n  t h e s e  c a s e s ,  exchange o f  in f o r m a t io n  o c cu rs  
betw een b i r d s  t h a t  a r e  u s u a l l y  w i t h in  a m ete r  o r  so  o f  each  
o t h e r .
F i g .  9 i l l u s t r a t e s  th e  movement o f  th e  b i r d  d u r in g  a 
s im p le  bob. At th e  b eg in n in g  o f  th e  d i s p l a y  (A, F ig .  9 ) th e  
b i r d  i s  i n  n e u t r a l  body p o s i t i o n  w i th  plumage r e l a x e d ,  w ings 
a p p re s s e d ,  t a i l  u s u a l l y  c lo s e d ,  and head  above body a x i s  and 
t a i l  t i p .  Bobbing i s  i n i t i a t e d  a s  th e  b i r d  b e g in s  to  c ro u c h  
and low er t h e  h ead  to  a  p o s i t i o n  l e v e l  w i th  th e  body a x i s  and 
below th e  t a i l  t i p  (B, F ig .  9 )* The b i r d  n e x t  r e t u r n s  th ro u g h  
th e  o r i g i n a l  n e u t r a l  p o s i t i o n  (A, F ig .  9 ) and th e n  " t i p t o e s , "  
a t  th e  same tim e r a i s i n g  th e  head  above th e  body a x i s  and 
d e f l e c t i n g  th e  t a i l  downward (C, F i g .  9 )* At th e  h e ig h t  o f  
th e  bobbing m o tio n  th e  b i l l  may be d i r e c t e d  v e r t i c a l l y  upward 
or i t  may rem a in  i n  a h o r i z o n t a l  p o s i t i o n .  I n  a d d i t i o n ,  i f  
th e  bob i s  q u i t e  deep a n d /o r  th e  b i r d  i s  e x c i t e d ,  one o r  b o th  
f e e t  may le a v e  th e  p e rc h  a t  th e  h ig h  p o i n t  o f  th e  bob.
Bobbing i s  co n c luded  as  th e  b i r d  r e t u r n s  a g a in  t o  th e  o r i g i n a l  
n e u t r a l  p o s i t i o n .  O c c a s io n a l ly ,  an a d d i t i o n a l  c rouch  (B,
F ig .  9) and r e t u r n  to  n e u t r a l  p o s i t i o n  a r e  added . The d e p th  
o f  th e  bob v a r i e s ,  becoming p r o p o r t i o n a t e l y  d e ep e r  w i th  
i n c r e a s e d  e x c i te m e n t .





There a re  s e v e r a l  im p o r ta n t  c h a r a c t e r i s t i c s  o f  th e  
sim ple  bob: a) During th e  s im p le  bob, t h e r e  i s  no
a p p r e c i a b le  h o r i z o n t a l  movement on p e rc h e s  o r movement from 
p e rc h  to  p e rc h ,  b) Simple bobs a r e  d i s c r e t e  s i n g l e  u n i t s ;  
i f  s e v e r a l  bobs a r e  g iv e n  i n  a s h o r t  tim e p e r i o d ,  t h e r e  i s  a 
s l i g h t  pause  betw een b o bs , c) The s im p le  bob i s  a  smooth, 
c o n t in u o u s  movement, d) The plumage i s  r e l a x e d  e x c e p t  f o r  an 
o c c a s io n a l  t a i l  f l i c k ,  e )  Sim ple bobbing u s u a l l y  in v o lv e s  
bend ing  o f  th e  a n k le  j o i n t ;  i t  i s  ana lo gou s  to  a  c u r t s y .
Because th e r e  was a g r a d a t io n  i n  th e  d e p th  o f  b o b s , I 
a r b i t r a r i l y  c l a s s i f i e d  s im p le  bobs i n t o  t h r e e  c a t e g o r i e s :
1. Head b o b b in g . Some bobs in v o lv e d  movement on ly  
o f  th e  h ead  and n e ck .  D uring  t h i s  type  o f  bobbing  t h e r e  was 
no f l e x i o n  o f  th e  a n k le  j o i n t  o r  downward d e f l e c t i o n  of th e  
t a i l .  T h is  type  o f  bob was g iv e n  i n  s i t u a t i o n s  o f  v e ry  low 
e x c i te m e n t .  V o c a l iz a t io n s  accompanying t h i s  d i s p l a y  were 
o f t e n  a t  a r e l a t i v e l y  low sound l e v e l  as  s u b j e c t i v e l y  judged  
by th e  o b s e r v e r .
2 .  Body b o b b in g . The m a jo r i t y  o f  s im p le  bobbing 
f a l l s  i n t o  t h i s  c a te g o r y .  T h is  ty p e  o f  bob i s  one t h a t  
fo l lo w s  th e  p a t t e r n  i l l u s t r a t e d  i n  F ig .  The e n t i r e  body 
i s  bobbed, th e  a n k le  j o i n t  i s  f l e x e d  b o th  a t  th e  c rouched  
p o s i t i o n  i n  th e  downward movement and a t  th e  h o r i z o n t a l l y  
e l e v a t e d  " t i p t o e d "  p o s i t i o n  i n  th e  upward movement o f  th e  
d i s p l a y .  I n  a d d i t i o n ,  t h e  b i l l  i s  d i r e c t e d  upward and th e  
t a i l  i s  d e f l e c t e d  downward s im u l ta n e o u s ly  a t  th e  h e ig h t  o f 
th e  bob.
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3 . E x ag g e ra ted  b o b b in g . During an  e x a g g e ra te d  bob, 
th e  d i s p la y in g  b i r d  bobs more d e ep ly  th a n  d u r in g  body bobb ing , 
and , a t  th e  h e ig h t  o f  th e  bob , one o r  b o th  f e e t  le a v e  th e  
p e rc h .  Both f e e t  may le a v e  and r e t u r n  to  th e  p e rc h  
s im u l ta n e o u s ly  or one f o o t  may be l i f t e d  from and r e tu r n e d  
to  th e  p e rc h  s l i g h t l y  o u t  o f  phase  w i th  th e  o t h e r .  W hether 
o r  n o t  th e  f e e t  move i n  synchrony  does n o t  seem to  be 
com m unica tive ly  s i g n i f i c a n t .
P re l im in a ry  o b s e r v a t io n s  su g g e s te d  t h a t  h ead  bobb ing , 
body bobb ing , and e x a g g e ra te d  bobbing were a s s o c i a t e d  w i th  
low, m ild ,  and h ig h  l e v e l s  o f  e x c i te m e n t ,  r e s p e c t i v e l y .  To 
t e s t  t h i s ,  I  chose t h r e e  v o c a l i z a t i o n s  t h a t  were c o n s i s t e n t l y  
a s s o c i a t e d  w i th  bobbing  and were th em se lves  c h a r a c t e r i s t i c  o f  
th e  a r b i t r a r i l y  d e s ig n a te d  l e v e l s  o f  e x c i te m e n t .  I  r e c o rd e d  
th e  number o f t im es each  bob ty p e  was a s s o c i a t e d  w i th  each  o f  
th e  t h r e e  v o c a l i z a t i o n s .  D a ta  on c a l l s  n o t  a s s o c i a t e d  w i th  
bobbing  were n o t  u se d  i n  s t a t i s t i c a l  t e s t s  f o r  s i g n i f i c a n t  
a s s o c i a t i o n  of c a l l s  w i th  bob ty p e s .
The a la rm  c a l l  i s  i n v a r i a b l y  a s s o c i a t e d  w i th  h ig h  
l e v e l s  o f e x c i te m e n t  evoked by such th in g s  as  th e  p re s e n c e  o f  
p o t e n t i a l  p r e d a to r s  ( c a t s ,  e t c . ) .  The b e l l  song i s  most 
f r e q u e n t l y  a s s o c i a t e d  w i th  a m ild  l e v e l  o f  e x c i te m e n t .  The 
c a l l  i s  u s u a l l y  t e r r i t o r i a l ,  b u t  o c c a s io n a l ly  f u n c t io n s  as  an 
a l e r t  s i g n a l  t h a t  s e r v e s  to  c a l l  a t t e n t i o n  to  an  u n u su a l  
o b j e c t  o r organism  i n  th e  a v i a r y .  The f l o c k  c o n ta c t  c a l l  i s  
g iv e n  by u n e x c i te d  b i r d s ,  o r  a t  l e a s t  by b i r d s  t h a t  e x h i b i t
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a v e ry  low l e v e l  o f  e x c i te m e n t .  This c a l l  s e r v e s  as  an 
a c o u s t i c  mechanism by w hich  f l o c k  c o n t i n u i t y  i s  m a in ta in e d .
T ab le  1 shows th e  p e rc e n ta g e  of v o c a l i z a t i o n s  g iv e n  
w i th  each  bobbing ty p e  d u r in g  o b s e r v a t io n  p e r i o d s .
The d a ta  i n  T ab le  1 were p u t  i n  a 3 % 3 c o n tin g en c y  
t a b l e  and s u b m it te d  to  a  C h i- sq u a re  t e s t  f o r  non-random  
a s s o c i a t i o n  o f  v o c a l i z a t i o n s  w i th  bobbing t y p e s .  I t  was 
shown t h a t  th e  f l o c k  c o n t a c t  c a l l  was a s s o c i a t e d  w i th  head 
bobbing , th e  b e l l  song was a s s o c i a t e d  w i th  body bo bb in g , and 
th e  a la rm  c a l l  was a s s o c i a t e d  w i th  e x a g g e ra te d  bobbing 
(x2 = 1358 .20 , P 4 . 0 0 5 ) .
I t  seem s, th e n ,  t h a t  th e  p r im a ry  f u n c t i o n s  o f  s im ple  
bobbing a r e  1) t o  g iv e  v i s u a l  em phasis to  a c o u s t i c  
communication s i g n a l s ,  and  2) t o  i n d i c a t e  th e  l e v e l  o f  
b e h a v io ra l  e x c i te m e n t  o f  th e  b i r d  t h a t  i s  b o b b in g .
C o u r tsh ip  d i s p l a y  ( F ig s .  10, 11 and 1 2 ) .  T h is  i s  th e  
p r i n c i p a l  c o u r t s h ip  d i s p l a y  o f  th e  male Blue J a y ,  and i t  i s  
always accom panied by th e  c o u r t s h ip  v o c a l i z a t i o n .
A lthough  c o u r t s h i p  d i s p l a y  i s  s i m i l a r  to  s im p le  
bobbing w i th  r e s p e c t  t o  th e  ty pe  o f  v e r t i c a l  movement d u r in g  
th e  d i s p l a y ,  i t  d i f f e r s  from  s im p le  bobbing i n  a  number o f  
im p o r ta n t  a s p e c t s ,  a )  The b i r d  changes l o c a t i o n  b o th  
v e r t i c a l l y  and h o r i z o n t a l l y  as i t  d i s p l a y s ,  b) C o u r tsh ip  
d i s p l a y  c o n s i s t s  o f s e r i e s  o f  bobs w i th  l i t t l e  o r  no pause  
betw een i n d i v i d u a l  b o b s ,  c) The bobs i n  c o u r t s h ip  d i s p l a y  
a r e  c h a r a c t e r i z e d  by j e r k y  r a t h e r  th a n  smooth movements.
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T ab le  1 . — Per c e n t  of s e l e c t e d  v o c a l i z a t i o n s  g iv e n  w i th  each 
of th e  t h r e e  s im p le  bobbing ty p es
F lo c k  C o n ta c t  
C a l l
(n = ^02)
% n o .













bobbing 87.3 351 7 . 5 20 5.6 18
Body
bobbing 5 .5 23 87 .2 232 12 .4 l4
E x a g g e ra te d
bobbing 7 .2 28 5.3 1>+ 82.1 266
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d) There i s  c o n s id e r a b le  p i l o e r e c t i o n ,  e s p e c i a l l y  o f  th e  
f e a t h e r s  on th e  head  and neck , which a r e  r u f f l e d ,  and th e  
wings and t a i l s  a r e  f r e q u e n t l y  f l i c k e d ,  e) C o u r tsh ip  bobbing 
does n o t  in v o lv e  bending o f  th e  a n k le  j o i n t ;  i t  i s  analogous 
to  a bow r a t h e r  th a n  a c u r t s y .
Both th e  d eg ree  of p i l o e r e c t i o n  and a b ru p tn e s s  o f 
movement c h a r a c t e r i s t i c  of c o u r t s h ip  bobbing v i s u a l l y  enhance 
t h i s  d i s p l a y .  Head and neck  f e a t h e r s  a r e  r u f f l e d ,  e f f e c t i v e l y  
in c r e a s in g  th e  a p p a r e n t  s i z e  of the  b la c k  f a c i a l  mask and 
c o l l a r .  F l i c k i n g  o f  th e  wings and t a i l  w i th  each  s e p a r a t e  
v e r t i c a l  movement (F ig .  10, A, B; F ig .  11, C. D; F ig .  12, E,
F) s e rv e s  to  f l a s h  th e  w h ite  m ark ings on th e  f e a t h e r s  o f  
th e s e  ap p en d ag es . Because the  b i r d  does n o t  bend th e  a n k le  
j o i n t  to  e f f e c t  a  c ro u c h in g  p o s i t i o n ,  i t  a p p e a rs  to  be " t a l l "  
a t  a l l  t im e s .
C o u r ts h ip  and a g o n i s t i c  d i s p l a y s  i n  many an im a ls  a re  
c h a r a c t e r i z e d  by movements and changes o f  body p o s i t i o n  and 
shape t h a t  make th e  an im al ap p ea r  l a r g e r  th a n  i t  does when 
n o t  d i s p l a y in g  (H inde, 1966). Both the  a g g r e s s iv e  p o s tu r e s  
and th e  c o u r t s h ip  d i s p l a y  o f  th e  Blue Ja y  e x h i b i t  t h i s  
phenomenon q u i t e  w e l l .
Subm issive  and S o l i c i t a t i v e  
P o s tu re s  and D isp la y s
A voidance  p o s tu r e  ( F i g . 1 3 ) .  When two o r  more b i r d s  
a re  p e rch ed  a t  a  f e e d in g  s t a t i o n  th e r e  i s  u s u a l l y  one 
i n d iv i d u a l  t h a t  f e e d s  f i r s t  and th e n  l e a v e s .  The o th e r  
i n d i v i d u a l ( s ) p r e s e n t  re m a in (s )  p e rch ed  a t  th e  f e e d e r  w i th o u t
F ig u r e  10. C o u r t s h ip  hohh ing
w
F i g u r e  11 . C o u r t s h ip  hohh iug

F ig u r e  12 . C o u r t s h ip  b o b b in g .
^5
^  r
F ig u r e  13 . A vo idance  p o s t u r e  ( e x h i b i t e d  by b i r d  a t  l e f t ) .
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f e e d i n g ,  a p p a r e n t l y  w a i t in g  f o r  th e  d o m in a n t(s )  to  f e e d  and 
l e a v e .  I n  t h i s  s i t u a t i o n ,  th e  subdom inant e x h i b i t s  w hat I 
w i l l  c a l l  th e  av o id an ce  p o s tu r e  tow ard  th e  dom inant b i r d .
T his  i s  i l l u s t r a t e d  i n  F ig .  13, where th e  dom inant b i r d  i s  on 
th e  r i g h t .  The av o id in g  b i r d  p e rc h e s  w i th  i t s  b i l l  c lo s e d ,  
and i t s  h ead  and b i l l  p o i n t i n g  p a r a l l e l  to  or away from  th e  
do m inan t.  The c r e s t  i s  r e l a x e d  o r  s l e e k e d ,  and th e  head  i s  
above th e  t a i l  and body a x i s .  Wings a re  a p p re s s e d ,  and the  
t a i l  i s  c lo s e d  and o f t e n  d e f l e c t e d  downward. At t im es  th e  
subdom inant may l e a n  s l i g h t l y  away from th e  dom inan t. Eye 
c o n t a c t  i s  a v o id e d .
The av o id e d  b i r d  need  n o t  have assumed an  a g g re s s iv e  
p o s t u r e .  A ssum ption o f an a g g r e s s iv e  o r  t h r e a t  p o s t u r e  u nder 
t h e s e  c i r c u m s ta n c e s  would n o rm a l ly  r e s u l t  i n  th e  f l i g h t  o f 
th e  su b d o m in an t.  Avoidance b e h a v io r  i s  s t r o n g ly  in f lu e n c e d  
by th e  p o s i t i o n  of th e  i n d i v i d u a l s  i n  th e  dominance h i e r a r c h y .  
T h is  b e h a v io r  p e rm i ts  two o r  more b i r d s  to  be a t  th e  f e e d in g  
s t a t i o n  s im u l t a n e o u s ly ,  a l th o u g h  th e  dom inant has  f i r s t  
c h o ic e  of fo o d .  T his  b e h a v io r  a l s o  f a c i l i t a t e s  c o n s e r v a t io n  
o f  en erg y  i n  t h a t  th e  dom inant b i r d  does n o t  s u p p la n t  o th e r  
i n d i v i d u a l s  w h i le  f e e d in g .  I f  t h e  b i r d s  have been  w i th o u t  
food  f o r  s e v e r a l  ho u rs  o r i f  th e  f e e d e r  c o n ta in s  an  e s p e c i a l l y  
f a v o re d  fo o d  such  as  p e a n u ts  o r  graham c r a c k e r s ,  s u p p la n t in g  
o c c u rs  more th a n  a v o id in g .
N e s t l in g  a la rm  f r e e z e  (F ig .  1*+). In  r e s p o n se  to  
m e c h an ica l  n e s t  d i s tu r b a n c e  o r  an a la rm  c a l l  g iv e n  by an a d u l t




Blue Ja y ,  n e s t l i n g  ja y s  assume what I  have c a l l e d  th e  a la rm  
f r e e z e .  I n  t h i s  p o s tu r e  th e  b i l l  i s  c lo s e d  and d i r e c t e d  
upward. The c r e s t  and body plumage a re  s l e e k e d ,  w ings 
c lo s e l y  a p p re s s e d  to  th e  body, and t a i l  c lo s e d .  The head  i s  
drawn down betw een th e  s h o u ld e r s  and th e  body i s  f u l l y  
crouched  and h e ld  co m p le te ly  r i g i d .  U nless  th e  n e s t l i n g s  a re  
f u r t h e r  d i s t u r b e d  by h a n d l in g ,  which may e l i c i t  a  d i s t r e s s  
c a l l ,  no v o c a l i z a t i o n s  accompany t h i s  p o s t u r e .
Appeasement p o s tu r e  (F ig .  15)> When one b i r d  i s  
c o rn e red  d u r in g  a f i g h t  o r ch as in g  b ou t by a n o th e r  i n d iv i d u a l  
t h a t  i s  h ig h e r  i n  th e  dominance h i e r a r c h y ,  th e  c o rn e re d  b i r d  
assumes a su b m iss iv e  s ta n c e  t h a t  I  have c a l l e d  th e  
appeasem ent p o s t u r e .  I n  appeasem ent p o s tu r e  th e  body i s  h e ld  
r i g i d ,  w i th  th e  head  and opened b i l l  p o in te d  upward and th e  
t a i l  d e f l e c t e d  downward so t h a t  th e  b i r d ' s  body a x i s ,  
i n c lu d in g  head and t a i l  i s  n e a r l y  p e rp e n d ic u la r  to  th e  p e rc h .  
The b i r d  i s  f u l l y  t i p t o e d  i n  t h i s  p o s tu r e  w i th  body plumage 
s le e k e d  and wings c lo s e l y  a p p re s s e d  to  th e  body. W hile  th e  
c o rn e re d  b i r d  i s  i n  th e  appeasem ent p o s t u r e ,  th e  dom inant 
b i r d  (on th e  r i g h t .  F ig .  15) pecks l i g h t l y  a t  th e  exposed  
neck  and b e l l y  o f  i t s  subdom inant, b u t  n e v e r  enough to  i n f l i c t  
any i n j u r y .  At some p o in t  th e  head  i s  s l i g h t l y  h ig h e r  th a n  
th e  head  o f  th e  c o rn e re d  b i r d .  At t h i s  p o i n t  th e  dom inant 
pecks a t  th e  su b d o m in an t 's  b i l l  or even i n s e r t s  i t s  b i l l  i n t o  
the  open mouth o f  th e  su b m iss iv e  i n d i v i d u a l .
Some e lem en ts  o f  th e  appeasem ent p o s tu r e  a r e  s i m i l a r  
to  o th e r  su b m iss iv e  d i s p l a y s  o f  th e  Blue J a y .  E xposure  o f  the




b e l l y  and n eck  occur d u r in g  a g g r e s s iv e  e n c o u n te r s  because  
th e  w in n e r  o f  th e  e n c o u n te r  a lw ays h as  i t s  h ead  low er th a n  
th e  head  o f  th e  l o s e r  and i n  a  p o s i t i o n  from w hich  i t  cou ld  
e a s i l y  peck  a t  th e s e  v u ln e r a b le  p l a c e s .  The open b i l l  i s  
c h a r a c t e r i s t i c  o f  d i s p l a y s  o f  a d u l t  fem a le s  s o l i c i t i n g  food  
or c o p u la t i o n  (F ig s .  16 and l8 )  and young b i r d s  s o l i c i t i n g  
fo o d . The r i g i d ,  b i l l - u p  body p o s i t i o n  i s  s i m i l a r  to  th e  
s ta n c e  o f  n e s t l i n g s  i n  th e  a la rm  f r e e z e  (F ig .  14J. Hardy 
( 1961 ) has  d e s c r ib e d  th e  p o s t u r e s  assumed d u r in g  c o n f l i c t s  
betw een dom inant and subdom inant Mexican J a y s .  They a re  
rem ark ab ly  s i m i l a r  to  th e  p o s t u r e s  and movements o f  Blue Jays  
i n  a  dominance c o n f l i c t .
C o u r tsh ip  fe e d in g  s o l i c i t a t i o n  (F ig .  I 6 ) .  This i s  
c h a r a c t e r i s t i c a l l y  a fem ale  d i s p l a y ,  a l th o u g h  i t  i s  
o c c a s i o n a l l y  g iv en  by an a d u l t  m ale .  When she  i s  s o l i c i t i n g  
food  from h e r  mate o r  a c o u r t i n g  m ale ,  th e  a d u l t  fem ale  
c ro u ch es  s l i g h t l y ,  f l u t t e r i n g  h e r  p a r t l y  fan n e d  wings and 
t a i l .  The c r e s t  i s  r e l a x e d  or s le e k e d  and th e  body plumage 
i s  r e l a x e d .  The head , w i th  s l i g h t l y  open b i l l  i s  h e ld  n e a r l y  
h o r i z o n t a l  t o  th e  body a x i s  and below th e  t a i l  t i p .  An 
o f f e r i n g  o f  food  or n e s t  m a t e r i a l  from  th e  fem ale  may e l i c i t  
a v e ry  b r i e f  c o u r t s h ip  f e e d in g  s o l i c i t a t i o n  d i s p l a y  from th e  
a d u l t  m a le .  C o u r tsh ip  fe e d in g  s o l i c i t a t i o n  d i s p l a y  i s  alw ays 
accom panied by th e  begging "keu" c a l l .
The i n t e n s i t y  o f c o u r t s h ip  fe e d in g  s o l i c i t a t i o n  by 
th e  fem ale  v a r i e s  c o n s id e r a b ly .  At t im es she w i l l  fo l lo w  h e r
F ig u r e  16 . C o u r t s h ip  f e e d i n g  s o l i c i t a t i o n .
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m ate , g iv in g  th e  d i s p l a y  w i th  i n t e n s e  begging  v o c a l i z a t i o n s  
u n t i l  she i s  p r e s e n t e d  w ith  a food  i te m  or a p ie c e  o f  n e s t  
m a t e r i a l .  At o th e r  t im es th e  male b r in g s  i te m s  u n s o l i c i t e d ,  
and th e  fem ale  a c c e p t s  them w i th  a minimum of  wing 
f l u t t e r i n g ,  c ro u c h in g  and v o c a l i z i n g .
C o u r tsh ip  fe e d in g  (F ig .  1 7 ) .  Both c o u r t s h ip  fe e d in g  
and as w e l l  a s  c o u r t s h ip  f e e d in g  s o l i c i t a t i o n  a re  an i n t e g r a l  
p a r t  o f  p a i r  f o r m a t io n ,  n e s t  b u i l d i n g ,  i n c u b a t i o n ,  c a re  o f  
th e  young, and p a i r  bond m ain tenan ce  i n  Blue Jay s  (Hardy, 
1961) .  C o u r tsh ip  fe e d in g  f i r s t  a p p e a rs  when two b i r d s  have 
formed a weak p a i r  bond d u r in g  th e  c o u r t s h ip  a c t i v i t y  t h a t  
p re c e d e s  n e s t i n g .  B efore  n e s t  b u i ld in g  b e g in s ,  food  i tem s a re  
th e  o n ly  ty p e  of m a t e r i a l  exchanged betw een members o f  a p a i r .  
As n e s t  b u i ld in g  b e g in s ,  exchanges o f  n e s t  m a t e r i a l  i n c r e a s e  
and, a t  th e  h e ig h t  o f  n e s t  b u i l d i n g ,  th e s e  outnumber exchanges 
o f  fo o d .  During in c u b a t io n ,  w hich i s  e n t i r e l y  a fem a le  
a c t i v i t y ,  t h e  exchange of food  i te m s  a g a in  i n c r e a s e s  as  th e  
male f e e d s  h i s  m ate w h ile  she i n c u b a te s .  A lthough she 
c o n t in u e s  to  f o ra g e  f o r  h e r s e l f  d u r in g  b r i e f  a b sen ces  from 
th e  n e s t ,  th e  fem ale  r e c e iv e s  much o f  h e r  fo o d  from th e  m ale . 
A f te r  th e  young have h a tc h e d ,  c o u r t s h ip  f e e d in g  c o n t in u e s ,  
b u t  a t  a low er r a t e ,  and th e  fem ale  r a r e l y  e a t s  th e  food  she 
r e c e i v e s  from  h e r  m ate , p a s s in g  m ost o f  i t  to  th e  young. The 
male a l s o  b r in g s  food  d i r e c t l y  to  th e  young, a l th o u g h  i t  may 
be a day o r  so  b e fo re  he g iv e s  i t  to  them d i r e c t l y ,  r a t h e r  
th a n  g iv in g  i t  to  th e  fem a le . Hardy ( I 96 I )  has  c a r e f u l l y




d e s c r ib e d  c o u r t s h ip  f e e d in g  i n  th e  Blue Ja y  and my a cco u n t  
does n o t  d i f f e r  from h i s .
F ig .  17 i s  a s k e tc h  o f  two b i r d s  a b o u t  to  exchange a 
food  i tem  i n  c o u r t s h ip  f e e d in g .  At th e  moment o f  exchange, 
b o th  b i r d s  g iv e  th e  begg ing  "keu" c a l l .  The fem ale  may 
o c c a s i o n a l l y  p r e s e n t  h e r  m ate w i th  a fo o d  i te m  or p ie c e  of 
n e s t  m a t e r i a l .  T h is p r e s e n t a t i o n  i s  r a r e l y  s o l i c i t e d  by th e  
m ale , a l th o u g h  a t  th e  moment o f exchange he w i l l  g iv e  a b r i e f  
c o u r t s h ip  fe e d in g  s o l i c i t a t i o n  d i s p l a y  a lo n g  w i th  th e  "keu" 
c a l l .  At t im e s ,  an i te m  may be p a sse d  back and f o r t h  s e v e r a l  
tim es betw een th e  p a i r  b e fo r e  i t  i s  e a t e n  o r  ta k e n  to  th e  
n e s t .  During t h i s  " t r a d i n g "  of i tem s th e r e  i s  l i t t l e  
c ro u ch in g  or wing f l u t t e r i n g  by e i t h e r  b i r d ,  b u t  th e  begging  
"keu" v o c a l i z a t i o n  i s  q u i t e  i n t e n s e .
As Hardy (1961) h as  p o in te d  o u t ,  th e  b e h a v io r  p a t t e r n s  
c h a r a c t e r i s t i c  o f  c o u r t s h ip  f e e d in g  a r e  an i n t e g r a l  p a r t  o f  
th e  r e p r o d u c t iv e  c y c le  from  th e  o n s e t  o f  c o u r t s h ip  th ro u g h  
c a re  o f  th e  young. I have n o te d  t h a t  many o f  th e  c a p t iv e  ja y s  
m a in ta in e d  p a i r  bonds d u r in g  th e  e n t i r e  n o n -b re e d in g  se a so n  
a f t e r  th ey  had p a i r e d  i n  th e  s p r in g  o f  1971* No c o u r t s h ip  
d i s p l a y  or c o p u la t io n  was o b se rv ed  d u r in g  t h i s  p e r i o d ,  b u t  
c o u r t s h ip  f e e d in g  c o n t in u e d  w i th  h ig h  f re q u e n c y  and seemed to  
be th e  m ost im p o r ta n t  f a c t o r  i n  m a in ta in in g  p a i r  bonds. I n  
l a t e  w in te r  and s p r in g  o f  1972, b i r d s  t h a t  had m a in ta in e d  
p a i r  bonds from  th e  s p r in g  o f  1971 showed v e ry  l i t t l e  
c o u r t s h ip  d i s p l a y ,  i f  any , b u t  c o n t in u e d  c o u r t s h ip  f e e d in g ,  
w hich in c r e a s e d  as th e  b re e d in g  s e a s o n  p r o g re s s e d .
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N e s t l in g  and f l e d g l i n g  food  begging d i s p l a y . The 
food  begging  d i s p l a y  o f  young Blue Jay s  i s  q u i t e  s i m i l a r  to  
th e  c o u r t s h ip  fe e d in g  s o l i c i t a t i o n  d i s p l a y  o f  th e  a d u l t s .
When begging  f o r  food  a young Blue Jay  a lm o s t always h o ld s  
the  b i l l  c o m p le te ly  open, exposing  i t s  b r i g h t  p in k  gape, 
which p ro v id e s  an a d d i t i o n a l  v i s u a l  cue or " t a r g e t "  f o r  th e  
a d u l t  as  i t  g iv e s  food to  th e  young b i r d .  The c o lo r  o f th e  
gape i n  a d u l t s  i s  b la c k ,  and t h i s  c o lo r  d i f f e r e n c e ,  i n  
a d d i t i o n  to  obvious d i f f e r e n c e s  i n  body s i z e  and developm ent 
o f plumage, i s  a m ajo r v i s u a l  c h a r a c t e r i s t i c  t h a t  
d i s t i n g u i s h e s  th e  food  begging  d i s p l a y  o f  th e  young from 
c o u r t s h ip  f e e d in g  s o l i c i t a t i o n  by a d u l t s .
The v o c a l i z a t i o n s  accompanying food  begging d i s p l a y  
i n  young b i r d s  a re  s t r u c t u r a l l y  q u i t e  d i f f e r e n t  from th e  
begging "keu" t h a t  accom panies c o u r t s h ip  f e e d in g  s o l i c i t a t i o n  
d i s p l a y  of a d u l t s .  However, to  th e  human o b s e r v e r ,  th e  two 
c a l l s  sound a l i k e .  T h e ir  d i f f e r e n c e s  w i l l  be d i s c u s s e d  l a t e r  
i n  th e  c h a p te r  on a c o u s t i c  s i g n a l s .
P r e c o p u la to r y  d i s p l a y  and c o p u la to ry  p o s i t i o n  ( F i g . 
18 ) .  T h is  d i s p l a y ,  g iv e n  on ly  by a d u l t  fem ales  rea d y  f o r  
c o p u la t io n ,  i s  l i k e  c o u r t s h ip  f e e d in g  s o l i c i t a t i o n ,  b u t  i t s  
f e a t u r e s  a r e  more e x a g g e ra te d .  S p e c i f i c a l l y ,  th e  wings and 
t a i l  a re  f u l l y  open and v e ry  v ig o r o u s ly  f l u t t e r e d .  At th e  
same t im e , th e  body i s  c o m p le te ly ,  r a t h e r  th a n  p a r t i a l l y ,  
c rouched  d u r in g  th e  d i s p l a y .  P re c o p u la to ry  d i s p l a y ,  l i k e  
c o u r t s h ip  f e e d in g  s o l i c i t a t i o n  d i s p l a y ,  i s  i n v a r i a b l y




accompanied by the begging "ken" call. Unfortunately, I have 
not observed copulation or recorded it on film. Its 
description awaits further observation.
CHAPTER IV
VOCALIZATIONS
I n t r o d u c t i o n  
Many Blue Jay v o c a l i z a t i o n s  have been  p r e v io u s ly  
d e s c r ib e d  by Amadon (19^^)? Bent (1 5 4 6 ) ,  Hardy (1961, 196*+, 
1969) ,  and Edwards (1971)* Some o f  th e s e  d e s c r i p t i o n s  have 
in c lu d e d  so n a g ra p h ic  a n a ly s e s  (Hardy, 196*+, 1969; Edwards, 
1971); how ever, d e t a i l e d  d e s c r i p t i o n s  o f m ost o f  th e  
p a ra m e te rs  o f  v o c a l i z a t i o n s  have n o t  been  p u b l i s h e d .  
S i m i la r ly ,  a l th o u g h  some a u th o r s  have  su g g e s te d  f u n c t io n s  o f 
some o f  th e  v o c a l i z a t i o n s  (Amadon, 19*+*+; Hardy, 196I ;  
Edwards, 1971), no s tu d y  d i r e c t e d  p r i m a r i l y  a t  d e te rm in in g  
th e  f u n c t i o n  o f  Blue Jay  v o c a l i z a t i o n s  has been  p u b l i s h e d .
V o c a l i z a t io n  P a ram e te rs  
I n  d i s c u s s in g  th e  r e s u l t s  o f  sound a n a ly s e s ,  1 w i l l  
d e s c r ib e  th e  fo l lo w in g  p a ra m e te r s  o f  each  v o c a l i z a t i o n :  
number o f  sound s o u rc e s ,  fu n d am en ta l  f re q u e n c y ,  number and 
f req u e n cy  o f  h a rm o n ics ,  dom inant f r e q u e n c i e s  ( i n  
v o c a l i z a t i o n s  w i th  harm onics o r  w i t h  e lem en ts  p roduced  by 
b o th  sound s o u r c e s ) ,  i n f l e c t i o n ,  f re q u e n c y  m o d u la t io n ,  and
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te m p o ra l  c h a r a c t e r i s t i c s  ( in c lu d in g  th e  number and d u r a t io n  
o f  n o t e s  o r c l i c k s ) .  Am plitude m o d u la t io n  i s  p r e s e n t  to  some 
d e g re e  i n  a lm ost a l l  v o c a l i z a t i o n s ,  and i t  w i l l  n o t  be 
d i s c u s s e d .
A few terms sh o u ld  be d e f in e d  to  a v o id  c o n fu s io n .  In  
a d d i t i o n ,  because  many te rm s ,  as w e l l  as  names of 
v o c a l i z a t i o n s ,  w i l l  be u s e d  q u i t e  f r e q u e n t l y ,  I  w i l l  g iv e  an 
a b b r e v i a t i o n  or symbol f o r  th e  term s th e  f i r s t  tim e th ey  a re  
in t r o d u c e d ,  and, t h e r e a f t e r ,  u se  th e  a b b r e v i a t i o n .  The 
A ppendix l i s t s  a l l  th e  term s and t h e i r  symbols i n  
a l p h a b e t i c a l  o rd e r .
The f req u e n cy  o f  a sound i s  th e  number o f  f u l l  sound 
waves ( c y c le s )  p e r  seco n d . The u n i t  i n  which f re q u e n c y  i s  
e x p re s s e d  i s  Hz ( h e r t z )  o r  KHz ( k i l o h e r t z ) .  One Hz i s  equ a l  
t o  one c y c le  p e r  seco n d , w h i le  one KHz i s  eq u a l  to  1 ,000 
c y c l e s  p e r  second . B ecause th e  narrow  band p a ss  f i l t e r  of 
th e  Sonagraph has a  f r e q u e n c y  r e s o l u t i o n  of on ly  *+5 Hz, and 
b e ca u se  th e r e  a re  many a b r u p t ,  e x te n s iv e ,  and i r r e g u l a r  
changes  i n  f req u e n cy  w i t h i n  i n d iv i d u a l  c a l l s ,  I  have  r e p o r t e d  
o n ly  r a n g e s ,  r a t h e r  th a n  a v e ra g e s ,  o f  f r e q u e n c ie s  f o r  th e  
d i f f e r e n t  groups o f  c a l l s .
A harmonic i s  a  sound caused  by n o n - s in u s o id a l  
v i b r a t i o n  of th e  sound so u rc e  (8 8 ) ,  and whose f re q u e n c y  i s  
some i n t e g e r  m u l t i p le  o f  a  fu ndam en ta l f req u e n cy  (F ) .  
F requency  and am p li tu d e  m o d u la t io n  (FM and AM, r e s p e c t i v e l y )  
a r e  ch an g es , n o t  n e c e s s a r i l y  r e g u l a r ,  i n  th e  f re q u e n c y  and
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a m p litud e  o f  th e  sound. I n  t h i s  p a p e r  I  w i l l  d e s c r ib e  l a r g e ,  
lo n g ,  i r r e g u l a r  changes i n  freq u en cy  as changes i n  i n f l e c t i o n ,  
and sm a ll ,  s h o r t ,  f a i r l y  r e g u l a r  changes as  FM.
B ird s  t h a t  have a t r a c h e o - b r o n c h ia l  s y r i n x ,  and t h i s  
in c lu d e s  th e  Blue J a y ,  a re  capab le  o f  p ro d u c in g  two d i f f e r e n t  
sounds s im u l ta n e o u s ly  (Miskimen, 1951)* When a v o c a l i z a t i o n  
i s  made up of two d i f f e r e n t  sounds, th e y  may be i d e n t i f i e d  i f  
they  a re  of d i f f e r e n t  F o r ,  when th ey  a r e  o f th e  same F, i f  
each  sound i s  a m p li tu d e  a n d /o r  f re q u e n c y  m o du la ted  i n  a 
d i f f e r e n t  m anner.
V o c a l iz a t io n s
I  have made ta p e  r e c o rd in g s  o f  a l l  o f th e  
v o c a l i z a t i o n s  g iv e n  by my h a n d - r a i s e d  Blue Jay s  and perfo rm ed  
so n a g rap h ic  and o s c i l l o s c o p i c  a n a ly s e s  o f  as many r e c o rd in g s  
as p o s s ib l e  o f  eac h  ty p e  o f  v o c a l i z a t i o n .  I n  a d d i t i o n ,  I 
have a t te m p te d  to  d e te rm in e  th e  f u n c t i o n  o f  each  v o c a l i z a t i o n  
by o b s e r v a t io n  and , i n  some c a s e s ,  by e x p e r im e n ta t io n .  The 
f u n c t io n  of a p a r t i c u l a r  c a l l  i s  i n f lu e n c e d  by 1) th e  p h y s ic a l  
c h a r a c t e r i s t i c s  of th e  c a l l ,  2) p o s t u r e s  a s s o c i a t e d  w i th  the  
c a l l ,  and 3) th e  b e h a v io r a l  c o n te x t  o f  th e  c a l l .
Some o f  th e  v o c a l i z a t i o n s  I  have a n a ly z e d  a re  s i m i l a r  
i n  s t r u c t u r e  as w e l l  as  f u n c t i o n .  These s i m i l a r i t i e s  
prompted me to  group th e  c a l l s  i n t o  f o u r  c a t e g o r i e s :  1)
harmonic s p e c t r a ,  2) pumphandle c a l l s ,  3) c l i c k  c a l l s ,  and 
4) song.
The c a l l s  i n  t h e  harmonic s p e c t r a  group a re
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p h y s i c a l ly  s i m i l a r  i n  t h a t  th ey  a r e  r i c h  i n  h a rm o n ics .  The 
p h y s ic a l  a t t r i b u t e s  by w hich th e y  d i f f e r  a re  th e  number o f  
88, th e  F, i n f l e c t i o n  and th e  n a t u r e  o f m o d u la t io n s .  
F u n c t io n a l ly  t h e s e  c a l l s  a r e  i n d i c a t o r s  o f  a la rm , f r u s t r a t i o n ,  
and e x c i te m e n t  a s s o c i a t e d  w i th  f e a r .  They may a l s o  s e r v e  as  
c o n ta c t  n o te s  w i t h i n  a f l o c k ,  among fa m ily  members, o r 
between members o f  a  p a i r .
The pumphandle c a l l s  have  two 88, s i m i l a r  AM and FM, 
and a l a c k  of pronounced i n f l e c t i o n .  They d i f f e r  i n  F and 
th e  number o f harm onics  p r e s e n t .  F u n c t io n s  of th e s e  c a l l s  
i n c lu d e  th e  i n d i c a t i o n  o f  m ild  e x c i te m e n t  and u n c e r t a i n t y ,  
and they  a l s o  may se rv e  as t e r r i t o r i a l  o r a l e r t  c a l l s .
The c l i c k  c a l l s  a r e  c h a r a c t e r i z e d  by th e  p re s e n c e  o f  
h a rm o n ics ,  p r e s e n c e  of c l i c k s ,  s t r o n g  and r e g u l a r  AM and FM 
and te r m in a l  downward i n f l e c t i o n .  They may be d i s t i n g u i s h e d  
from each  o t h e r  by t h e i r  F and th e  number o f 88 p r e s e n t .
They f u n c t i o n  to  i n d i c a t e  e x c i te m e n t  a s s o c i a t e d  w i th  b o th  
f r u s t r a t i o n  and f e a r .
The p h y s i c a l  c h a r a c t e r i s t i c s  of song a r e  h ig h ly  
v a r i a b l e .  However, i t  i s  a d i s t i n c t i v e  v o c a l i z a t i o n  ty p e  i n  
t h a t  i t s  p h r a s e s ,  as w e l l  as  e n t i r e  s in g in g  b o u t s ,  a r e  q u i t e  
lo n g ,  o c c a s i o n a l l y  l a s t i n g  over  two m in u te s .  8ong i s  th e  s o le  
v o c a l i z a t i o n  g iv e n  by th e  male d u r in g  c o u r t s h ip .  I t  i s  a l s o  
g iv en  i n t e r m i t t e n t l y  by b i r d s  i n  a  calm b e h a v io r a l  s t a t e .
A l l  o f  th e  i l l u s t r a t i o n s  o f  v o c a l i z a t i o n s  i n  t h i s  
paper  c o n s i s t  o f  two ty p es  o f sonagram s. The sonagrams on
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th e  l e f t  i n  each  i l l u s t r a t i o n  were made w i th  th e  narrow  hand 
p a s s  f i l t e r ,  which has a f r e q u e n c y  r e s o l u t i o n  o f  ^5  Hz.
Those on th e  r i g h t  were made w i th  th e  wide band p a ss  f i l t e r ,  
w hich  has a f re q u e n c y  r e s o l u t i o n  of 300 Hz and a  tem pora l  
r e s o l u t i o n  o f  1 .5  ms ( m i l l i s e c o n d s ) .  Sonagrams made w i th  th e  
na rrow  band p a ss  f i l t e r  have poor tem pora l r e s o l u t i o n .  A ll  
sonagrams were made a t  th e  f re q u e n c y  band s e t t i n g  t h a t  has 
low er and upp er  e f f e c t i v e  r e s o l u t i o n s  o f  80 and 8000 Hz, 
r e s p e c t i v e l y .
Harmonic S p e c tra
The D i s t r e s s  C a l l  (DC, F ig .  19) i s  g iv e n  by b i r d s  
t h a t  a re  b e ing  h a n d le d ,  c o n f in e d  (such as i n  a v e ry  sm a ll  
c a g e ,  an  i n s e c t  n e t ,  o r  a m is t  n e t ) ,  o r  c h a se d .  The on ly  
body p o s tu r e  c o n s i s t e n t l y  a s s o c i a t e d  w i th  t h i s  c a l l  i s  
c ro u c h in g  i n  i t s  most ex trem e form .
The DC has th e  form o f  a sim ple  c ry ;  t h a t  i s ,  i t  has 
a ra in b o w -sh ap e d  sonagram (D av is , 19640, i n d i c a t i n g  t h a t  th e  
f re q u e n c y  b u i ld s  and th e n  d rops  as the  m an d ib les  open and 
c l o s e .  The c a l l  c o n ta in s  e le m e n ts  from b o th  88. The f i r s t  
and m ost obvious sound (81) i s  r e s p o n s ib l e  f o r  th e  shape of 
th e  sonagram . The F o f  81 s t a r t s  between C . 5C and 1.6C KHz, 
r i s e s  a maximum of C.3C KHz o r  a minimum o f  C.2C KHz, and, 
from t h i s  p o i n t ,  d rops C.3C t o  C.4C KHz. 81 may have from
4 to  11 h a rm o n ics ,  among w hich  dominance s h i f t s  from 
h ig h e r  harm onics  a t  th e  o n s e t  o f  th e  c a l l  t o  lo w er  harm onics 
as  th e  f r e q u e n c y  r i s e s  and th e n  back to  h ig h e r  harm onics as
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th e  f re q u e n c y  d r o p s . The m ost I n t e n s e  harm onics a r e  th e  
f i r s t  th ro u g h  the  f o u r t h  The d u r a t i o n  o f  SI ran g e s
from 225  to  600 ms (avg . = ^ 1 2 ) .
The second sound (82) b e g in s  25 to  50 ms a f t e r  th e  
f i r s t ,  a t  a f req u e n cy  betw een O .7O and 1 .00 KHz. I t  i s  
s l i g h t l y  downwardly i n f l e c t e d  (ab o u t  0 .1 0  o r 0 .2 0  KHz) u n t i l  
th e  end o f  the  c a l l .  T h is  sound i s  u s u a l l y  f r e q u e n c y  
m odu la ted  du ring  th e  l a s t  100-150 ms o f th e  c a l l .  The 
m o d u la t io n  i s  o f  ab o u t  O .50  KHz, b u t  v a r i e s .  82 may have 6 
to  11 ha rm on ics ,  th e  m ost im p o r ta n t  ones be ing  Hl-H^-. The 
d u r a t i o n  o f  82 ra n g e s  from  200 t o  350 ms (avg . = 2 7 5 )*
The Alarm C a l l  (AC, F i g .  2 0 ) .  A Blue Jay  t h a t  s p o ts  
a p o t e n t i a l  p r e d a to r  u s u a l l y  g iv e s  t h i s  v o c a l i z a t i o n .  I n  7^ 
c a se s  where such a p o t e n t i a l  p r e d a t o r  was w i t h i n  s i g h t  o f my 
c a p t iv e  b i r d s ,  t h i s  c a l l  was g iv e n  63 t im es (85^)*
C a lc u la t io n  o f the  C h i - s q u a re  s t a t i s t i c  to  t e s t  w h e th e r  the  
b e h a v io r  i s  a s s o c i a t e d  w i th  th e  c a l l  more th a n  50^  o f  th e  
tim e showed t h a t  t h e r e  was an  a s s o c i a t i o n  betw een th e  two 
(X2 = 3 6 . 5^ ,  P< .0 0 5 ) '  Of 213 o b s e r v a t io n s  when th e  p o s tu r e  
a s s o c i a t e d  w i th  th e  c a l l  was n o te d ,  85 c a l l s  (40%) w ere g iv en  
w i th  s im p le  bobbing ( u s u a l ly  t h e  e x a g g e ra te d  t y p e ) ,  68 (32^) 
w i th  th e  m ild  or i n t e n s e  a g g r e s s io n  p o s tu r e  and 60 (28^) w i th  
th e  n e u t r a l  p o s tu r e .
The AC has o n ly  one 88 and has from f i v e  t o  seven  
h a rm o n ic s ,  th e  most i n t e n s e  o f  w hich a r e  H I-H ^. The F of 
th e s e  c a l l s  i s  n e v e r  a s  i n t e n s e  a s  any o f  th e  h a rm o n ic s .
F i g u r e  2 0 .  The Alarm C a l l  (AC)
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During th e  f i r s t  25 ms o f  th e  AC th e r e  i s  a sh a rp  
r i s e  i n  f re q u e n c y  o f  0 .0 5  to  0 .2 0  KHz. In  th e  n e x t  50 to  100 
ms th e  f r e q u e n c y  rem a in s  s t a b l e  and th e n ,  i n  th e  n e x t  100 to  
150 ms e i t h e r  rem a in s  s t a b l e  o r  d rops  abou t 0 .0 5  KHz. The 
f re q u e n c y  c o n t in u e s  to  drop 0 .0 5  to  0 .1 0  KHz d u r in g  th e  
rem a in d e r  (125  t o  3OO ms) o f  th e  c a l l .
The c a l l  u s u a l l y  c o n ta in s  FM a t  two d i f f e r e n t  
p o i n t s —from 75 to  150 ms and from  75  to  125 ms d u r in g  th e  
l a s t  h a l f  o f  th e  c a l l .  The d u r a t i o n  o f  AC c a l l s  ra n g e d  from 
300 to  4 /5  ms w i th  an  avg. o f  389 ms.
The F lo c k  C o n tac t  C a l l  (FC, F ig .  2 1 ) .  D uring  th e  
n o n -b re e d in g  se a s o n  (August th ro u g h  F e b r u a ry ) ,  B lue Ja y s  o f t e n  
t r a v e l  i n  f l o c k s  (Hardy, 196I ;  S u t to n ,  1966). When members 
o f  th e  f l o c k  a r e  s c a t t e r e d  o r  when th e y  a re  n o t  i n  s i g h t  o f 
each  o t h e r ,  th e y  g iv e  th e  FC. By o b se rv in g  th e  c o n te x t  i n  
w hich  th e  FC was g iv e n ,  as w e l l  as  by d e te rm in in g  how o f t e n  
th e  c a l l  i s  g iv e n  when b i r d s  were o r  were n o t  i n  f l o c k s ,  I  
h y p o th e s iz e d  t h a t  th e  FC was u se d  as  a c o n ta c t  n o t e ;  t h a t  i s ,  
th e  FC i s  g iv e n  by b i r d s  as  a means o f  a c o u s t i c a l l y  s p e c i f y in g  
t h e i r  l o c a t i o n  to  o th e r  b i r d s  i n  t h e  f l o c k ,  who, i n  t u r n ,  a re  
a b le  to  "keep t r a c k "  o f  t h e i r  f l o c k  m ates a c o u s t i c a l l y .
A lthough  th e  FC i s  h e a rd  th ro u g h o u t  th e  y e a r ,  i t  i s  
more f r e q u e n t  d u r in g  th e  n o n -b re e d in g  se a so n .  I n  1969 and 
1970 , a t  l e a s t  once a week, I  r e c o r d e d  th e  number o f  FC g iv e n  
by b o th  c a p t iv e  and w i ld  b i r d s  f o r  an h o u r .  O b s e rv a t io n s  
w ere made be tw een  0900 and 1100. F i g .  22 i s  a g ra p h  o f  th e  
number o f  FC p e r  h o u r  d u r in g  eac h  month o f  th e  y e a r .
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The number o f FC p e r  hour d u r in g  th e  n o n -b re e d in g  
se a so n  i s  h ig h e r  (avg . = 2 9 ) th a n  t h a t  d u r in g  t h e  b re e d in g  
se a so n  (avg . = 15)* When th e  w eekly  means o f  FC p e r  h ou r  i n  
th e  two se aso n s  a r e  compared, t h e r e  i s  a  s i g n i f i c a n t  
d i f f e r e n c e  ( t  = 9*36, .005) betw een th e  two g ro u p s .
The FC i s  a s s o c i a t e d  w i th  s im p le  b o bb in g , n e u t r a l  o r
m a in ten an ce  p o s t u r e s .  The FC has two 88, th e  f i r s t  b e in g  of
a r e l a t i v e l y  low F (0 .40  to  0 .9 0  KHz) w i th  f i v e  to  seven  
h a rm o n ic s .  H3 i s  always th e  dom inant f r e q u e n c y ,  w i th  H I, H2,
and H7 a l s o  be in g  q u i t e  i n t e n s e .  The F i s  r a r e l y  more
in t e n s e  th a n  any o f  th e  h a rm o n ic s .
R e g a rd le s s  o f th e  v a lu e  o f  th e  F a t  th e  o n s e t  o f  th e  
c a l l ,  i t  i s  w a rb le d  over a ra n g e  of 0 .5 0  to  1 .50  KHz above 
and below th e  i n i t i a l  v a lu e  th ro u g h o u t  th e  d u r a t i o n  o f  th e  FC. 
The d u r a t i o n  o f  81 ra n g e s  from 375 to  475 ms (av g . = 4 3 2 ) .
The v a lu e  of th e  F o f  82 i n  t h e  FC ra n g e s  from  0 .9 0  
to  1.80 KHz. There  a re  alw ays two h a rm o n ic s ,  e i t h e r  one of 
w hich  may be dom inan t. The F i s  a lw ays l e s s  i n t e n s e  th a n  
e i t h e r  harm on ic . 82 b e g in s  from 25  to  200 ms a f t e r  81 and 
i s  w a rb led  th ro u g h o u t  i t s  d u r a t i o n  from 0 .2 5  to  1 .20  KHz above 
and below th e  F . There i s  u s u a l l y  a t e rm in a l  downward 
i n f l e c t i o n .  The d u r a t i o n  o f  82 i s  from  150 t o  400 ms (av g . = 
3 7 3 ) .
The FC o f  young (one to  t h r e e  months o f  age) B lue 
Jay s  (YFC, F ig .  23) d i f f e r s  i n  some n o ta b l e  ways from t h a t  o f  
a d u l t s .  The F o f  81 i s  g e n e r a l l y  h ig h e r  i n  v a lu e  (0 .7 5  t o
F ig u r e  2 3 .  The F lo c k  C o n ta c t  C a l l  o f  young B lue  J a y s  (YFC).
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1 .6 5  KHz) and has few er (none to  f o u r )  h a rm o n ics .  The 
d u r a t i o n  o f  t h i s  sound h as  a g r e a t e r  ran g e  (350 to  500 ms) 
and i t  i s ,  o% th e  a v e ra g e ,  lo n g e r  (avg . = ^ 3 7 )*
82 i n  th e  YFC has an F h ig h e r  th a n  t h a t  o f  th e  82 F 
i n  th e  a d u l t  c a l l  (1 .8 5  to  2 .40  KHz). I t  u s u a l l y  h as  th e  
same number o f h a rm o n ics ,  b u t  th e  F may be more i n t e n s e  th an  
e i t h e r  (b u t  n o t  b o th  i n  th e  same c a l l )  ha rm on ic . The 
d u r a t i o n  of 82 ran g e s  from 300 to  525 ms and i t  i s  lo n g e r  
(avg . = -̂*+3 ) th a n  t h a t  o f  82 i n  t h e  a d u l t  c a l l .
The Young Food- begging C a l l s  (YFB, F i g s .  2 4 -2 ? )  a re  
q u i t e  v a r i a b l e  and I have d iv id e d  them i n t o  f o u r  ty p e s :
YFB1 , YFB2, YFB3, and YFB^-.
A l l  YFB c a l l s  a r e  g iv e n  by n e s t l i n g  or f l e d g l i n g  
b i r d s  as th e y  beg f o r  fo o d .  These c a l l s  a re  accom panied by 
th e  young fo o d -b eg g in g  p o s tu r e  ( se e  C hap ter  I I I )  a b o u t  50^
(32 o f  65  c a s e s )  o f  th e  tim e i n  tw o- to  th r e e -w e e k -o ld  
n e s t l i n g s  and abo u t 80^ (27 o f  3^  c a s e s )  o f th e  tim e i n  
f l e d g l i n g s .  YFB1 and YFB2 a re  g iv e n  by b i r d s  t h a t  a r e  a t  
l e a s t  a b o u t  l4- days o ld .  YFB3 c a l l s  a re  g iv e n  by one-  to  
th re e -w e e k -o ld  n e s t l i n g s  and r a r e l y  by f l e d g l i n g s ,  w h i le  YFB>+ 
c a l l s  a re  g iv e n  by n e s t l i n g s  l e s s  th a n  ab ou t 10 days o ld .
YFB1 c a l l s  (F ig .  2^) have o n ly  one 88 , whose F ran g es  
from 0 .7 0  t o  1 .20  KHz, and th e y  have  f i v e  to  n in e  h a rm o n ics .  
The o rd e r  o f  dominance o f  ha rm onics  i s  s e q u e n t i a l ,  HI always 
be ing  th e  dom inan t, H2 second i n  i n t e n s i t y ,  and so on. The 
F i s  a lw ays th e  l e a s t  i n t e n s e  f r e q u e n c y .
F ig u r e  2h.  The F o o d -b e g g ln g  C a l l  o f  young B lue  J a y s ,  Type 1 (YFB1).
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F i g u r e  2 5 .  The F o o d -b e g g in g  C a l l  o f  young B lue  J a y s ,  Type 2 (YFB2).
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There i s  a  d e c r e a s e  i n  f req u e n cy  th ro u g h o u t  most 
c a l l s  t h a t  i s  a b ru p t  d u r in g  th e  f i r s t  0 to  50 ms and th en
s lo w er  f o r  th e  r e s t  o f  th e  c a l l .  T o ta l  d e c re a se  i n  f req u e n cy
ra n g e s  from 0 .0 5  to  0 .5 0  KHz, b u t  i s  u s u a l l y  l e s s  th a n  0 .1 0  
KHz.
YFB1 c a l l s  a re  r e l a t i v e l y  s h o r t  i n  d u r a t i o n ,  l a s t i n g  
from  100 to  300 ms (avg . = 2 0 9 ) .
YFB2 c a l l s  (F ig .  25) may have one or two 88, th e
f i r s t  o f  which has an F of from  O .3O to  2 .0 0  KHz, b u t  u s u a l l y  
be tw een  0 .6 0  and O .9O KHz. The sound i s  o f t e n  w a rb le d  from 
0 .5 0  to  1.50  KHz above and below the F, b u t  th e  F may be 
c o n s t a n t  th ro u g h o u t  th e  c a l l .  There a re  from one to  te n  
h a rm o n ics  ( u s u a l ly  f i v e  to  e i g h t ) ,  and HI i s  do m in an t,  H2-H4- 
a l s o  b e in g  q u i te  i n t e n s e .  The F i s  n ev e r  more i n t e n s e  th a n  
any o f  th e  ha rm on ics .
The d u r a t io n  o f  th e  f i r s t  sound i s  from 75 to  1000 ms 
(av g . = 39 5 ) .
82, which a p p e a rs  i n  5 ou t o f  16 c a l l s ,  b e g in s  100 to  
4-50 ms a f t e r  81. I t  h as  an F o f  0 .5 0  to  3*30 KHz, and rem ains  
c o n s t a n t  i n  th r e e  o u t  o f  f i v e  c a s e s .  When i t  does n o t  rem ain  
c o n s t a n t ,  i t  i s  w a rb led  from  0 .2 5  to  O .3O KHz above and below 
th e  F . There a re  no h a rm o n ic s .  82 has a d u r a t i o n  o f  100 to  
350 ms (avg . = 22 5 ) .
YFB3 c a l l s  (F ig .  26) a r e  s h o r t  n o te s  g iv e n  i n  s e r i e s .  
Of 21 YFB3 an a ly zed  l4- had  two 88. 81 has a F o f  0 ,9 0  to
2 .8 0  KHz. During th e  f i r s t  25 ms of most c a l l s  th e  f re q u e n c y
F i g u r e  2 6 .  The F o o d -b e g g ln g  C a l l  o f  young B lu e  J a y s ,  Type 3 (YFB3).




i s  i n f l e c t e d  upward 0 .1 0  to  0 .8 0  KHz and th e n  d rops  back  down 
0 .2 0  to  0 .4 0  KHz. O c c a s io n a l ly ,  t h e  F may s im p ly  drop 0 .1 0  
to  O.hO KHz. The F may sim ply  drop 0 .1 0  to  O.^fO KHz i n  th e  
f i r s t  25 ms. For th e  n e x t  50 ms th e  F rem ains th e  same or i s  
i n f l e c t e d  downward 0 .1 0  to  O .3O KHz. I f  th e  n o te  i s  lo n g e r  
th an  50 ms t h e r e  may be a n o th e r  w a rb le  o f  th e  F th ro u g h  abou t 
0 .1 0  or 0 .2 0  KHz or i t  may rem ain  th e  same. SI o f  YFB3 c a l l s  
i s  q u i t e  s h o r t  i n  d u r a t i o n ,  ra n g in g  from 25 to  150 ms (avg . = 
6 9 ) .
82 o f  YFB3 c a l l s  have a F o f  from 2 . 7O to  3-90  KHz.
In  th e  f i r s t  25 ms th e  F drops 0 .1 0  to  0 .2 0  KHz o r  i s  s h a rp ly  
i n f l e c t e d  upward 0 .1 0  to  O .7O KHz and th en  d rops 0 .1 0  to  0 .2 0  
KHz. In  t h e  n e x t  25 ms th e  f re q u e n c y  c o n t in u e s  to  drop 
a n o th e r  0 .1 0  to  0 .2 0  KHz, and, t h e r e a f t e r ,  rem a ins  th e  same 
i f  th e  c a l l  i s  lo n g e r  th a n  50 ms. 82 i s  s h o r t ,  e x c e p t  i n  a 
few c a s e s ,  l a s t i n g  from 50 to  150 ms (avg. = 7 7 )*
Both  81 and 82 c h a r a c t e r i s t i c a l l y  have one h a rm o n ic , 
a l th o u g h  i n  6 o f  38 c a se s  t h e r e  a r e  no harm onics  and i n  3 of 
38 c a l l s  81 had f i v e  h a rm o n ics .  The F i s  th e  dom inant 
f re q u e n c y  e x c e p t  i n  th e  th r e e  c a l l s  w hich  had f i v e  h a rm o n ic s .  
In  th o s e  c a s e s  the  o rd e r  o f dominance o f  harm onics  i s  
s e q u e n t i a l ,  HI be ing  th e  most i n t e n s e  and the  F l e a s t  i n t e n s e ,  
YFB>+ (F ig .  2 7 ) v o c a l i z a t i o n s  have two 88 , n e i t h e r  of 
which h as  h a rm o n ic s ,  and b o th  o f  w hich have s t r o n g  FM.
81 i n  th e  two c a l l s  examined s t a r t e d  a t  3.4-0 and 4 .0 0  
KHz and was w arb led  th ro u g h o u t  th e  c a l l  over a  ran g e  o f  O .3O
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t o  0 .5 0  KHz. The d u r a t i o n  o f  81 i n  one c a l l  was 100 ms, i n  
th e  o t h e r , 7OO m s.
82 i n  th e  f i r s t  c a l l  s t a r t e d  a t  3 .10 KHz, i n  th e  
second a t  2 .7O. Both sounds were w a rb le d  c o n t in u o u s ly  from 
0 .2 0  to  0.^-0 KHz. The d u r a t i o n  of 82 i n  one c a se  was 600 ms 
and i n  th e  o th e r  7OO m s.
The Begging Keu C a l l  (BK, F ig .  28) i s  th e  v o c a l i z a t i o n  
t h a t  c h a r a c t e r i s t i c a l l y  accom panies c o u r t s h ip  fe e d in g  and 
p ro b a b ly  c o p u la t io n .  A lthough  I  have n o t  o b se rv ed  c o p u la t i o n ,  
i n  209 o f  th e  256 c a se s  (82#) when 1 r e c o rd e d  th e  v o c a l i z a t i o n  
accompanying c o u r t s h ip  f e e d i n g ,  i t  was BK. The rem a in in g  
c a se s  were e i t h e r  unaccom panied  by v o c a l i z a t i o n  o r  were 
accompanied by th e  8K. C a lc u l a t i o n  o f  C h i- sq u a re  shows BK to  
be a s s o c i a t e d  w i th  c o u r t s h i p  fe e d in g  more th a n  50# o f  th e  
tim e (X2 = IO5 .O8 , P<  .0 0 5 ) .
Three BK were a n a ly z e d ,  and t h e i r  F v a lu e s  w ere I . 7 0 , 
1.70  and 1.80  KHz. I n  th e  f i r s t  100 ms each  c a l l  was 
i n f l e c t e d  downward 0 .1 0  KHz and th en  rem ained  a t  t h a t  
f re q u e n c y  f o r  th e  r e s t  o f th e  c a l l .  A l l  o f  th e  F were w a rb le d  
or f req u e n cy  m odu la ted  a b o u t  0 .6 0  KHz above and below th e  F 
th ro u g h o u t  t h e i r  d u r a t i o n .  There were two harm onics  i n  each  
c a l l ;  HI was th e  dom inant f re q u e n c y  and H2 th e  l e a s t  i n t e n s e  
f r e q u e n c y .  The t h r e e  c a l l s  l a s t e d  125, 150 and 200 ms (av g . = 
15 8).
The 80f t  Keu C a l l  (SK, F ig .  29) f u n c t io n s  as  a 
c o n ta c t  n o te  betw een members o f a p a i r  o r  among members o f  a
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f a m ily  group when b i r d s  a re  r e l a t i v e l y  c lo s e  to  each  o t h e r .
I  t e s t e d  th e  h y p o th e s is  t h a t  th e  SK fu n c t io n e d  i n  t h i s  manner 
by r e c o r d in g  th e  number o f  t im es  th e  SK was g iv e n  by members 
o f  a p a i r  o r  f a m i ly  o f  c a p t iv e  o r  w i ld  b i r d s  when th e y  were 
l e s s  th a n  10 m a p a r t  and when th e y  were more th a n  10 m a p a r t .
Of a t o t a l  o f  731 SK r e c o r d e d ,  627 (85^) were g iv e n  by b i r d s  
l e s s  th a n  10 m a p a r t .  This i s  s i g n i f i c a n t l y  more (X^ =
3 7 ^ .1 8 ,  P <  .005) th a n  th e  number o f SK (10^ or lh ^ )  g iv e n  by 
b i r d s  more th a n  10 m a p a r t .  B i rd s  g iv in g  th e  SK a re  u s u a l l y  
i n  n e u t r a l  o r  m ain tenance  p o s t u r e .  O c c a s io n a l ly ,  th e y  a re  
in v o lv e d  i n  c o u r t s h ip  f e e d in g .  The SK i s  a v e ry  s im p le  c a l l  
w i th  no i n f l e c t i o n  of th e  F, c o n s t a n t  FM, a r i c h  harm onic 
spectrum  and a s h o r t  d u r a t i o n .  F ra n g e s  from 0 .6 0  t o  2 .0 0  
KHz and i s  m odu la ted  0 .1 0  to  O .3O KHz th ro u g h o u t  i t s  d u r a t i o n .  
There a r e  from  two to  f i v e  ha rm on ics  w i th  th e  dom inant 
f r e q u e n c ie s  b e in g  HI or F. O ther harm onics  o f h ig h  i n t e n s i t y  
a re  H2 and H3. The SK v a r i e s  i n  l e n g th  from 25 to  300 ms 
(avg . = 1 9 3 ) '
The Loud Keu C a l l  (LK, F ig .  3 0 ) may co n n o te  f r u s t r a t i o n  
(as  when a b i r d  can s e e ,  b u t  c a n n o t  g e t  to  a fo o d  d i s h  o r  i t s  
m ate)  o r  hu n g e r  ( in  a d u l t  b i r d s ) .  I n  th e s e  c a s e s ,  e s p e c i a l l y  
th e  l a t t e r ,  th e  c a l l  i s  o c c a s i o n a l l y  accom panied by f l u t t e r i n g  
o f s l i g h t l y  fan n e d  w in g s . Simple bobbing was r e c o rd e d  i n  17 
o f  113 c a s e s  (15^) when th e  p o s t u r e  a s s o c i a t e d  w i th  th e  LK 
was n o te d .  The LK s e rv e s  m ost o f t e n  as a c o n t a c t  n o te  
betw een members o f a p a i r  t h a t  a r e  more th a n  a b o u t  10 m a p a r t .
P ig u r e  30* The Loud Keu C a l l  (LK).
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Of 324 LK, 267 (73#) were g iv en  by b i r d s  more th a n  10 m away 
from t h e i r  m a te s .  The C h i-sq u a re  t e s t  shows t h i s  to  be 
s i g n i f i c a n t l y  (X^ = 136 . I I ,  P< .005) h ig h e r  th a n  th e  number 
o f  LK g iv e n  by b i r d s  l e s s  th an  10 m from t h e i r  m a tes .
The F o f  LK v a r i e s  from 1 .20  to  1 .50  KHz. During th e  
f i r s t  100 ms th e  c a l l  i s  i n f l e c t e d  e i t h e r  up or down 0 .1 0  KHz 
or rem ains  a t  th e  same v a lu e .  R e g a rd le s s  o f  w he ther  th e  c a l l  
i s  i n f l e c t e d  up or down a t  i t s  o n s e t ,  a f t e r  th e  f i r s t  100 ms 
th e  f re q u e n c y  d rops c o n t in u o u s ly  0 .1 0  to  0 .4 0  KHz f o r  th e  
r e s t  o f  th e  c a l l .
T here a re  from two to  f i v e  harm on ics  i n  LK. The 
o rd e r  o f dominance of harm onics i s  u s u a l l y  s e q u e n t i a l  e x c e p t  
t h a t  F i s  u s u a l l y  between HI and H2 i n  i n t e n s i t y .
The d u r a t i o n  of LK ra n g e s  from 400 to  650 ms (avg . =
4 8 6 ) .
The Crow C a l l  (CC, F ig .  31) i s  one of many examples 
o f  m im icry i n  th e  v o c a l  r e p e r t o i r e  o f  my c a p t iv e  Blue J a y s .  
The j a y s  l e a r n e d  t h i s  c a l l  from Common Crows (Corvus 
b ra c h y rh y n c o s ) which f e d  n e a r  t h e i r  o u td o o r  f l i g h t .  The c a l l  
i s  g iv e n  i n t e r m i t t e n t l y  and I  have n o t  been  a b le  to  d e te rm in e  
i t s  f u n c t i o n ,  i f ,  in d e e d ,  one e x i s t s .
The CC has  th e  form o f  a s im ple  c ry  and th e  F ra n g e s  
from 0 .5 0  to  0 .7 0  KHz. During th e  f i r s t  50 ms th e  F 
i n c r e a s e s  by 0 .1 0  KHz, and, i n  th e  second  50 ms i t  d rops 
back to  th e  o r i g i n a l  v a lu e .  T h e r e a f t e r ,  th e  F e i t h e r  rem a in s  
c o n s t a n t  o r  i s  d e f l e c t e d  downward a n o th e r  0 .1 0  KHz.










The CC i s  r i c h  i n  h a rm o n ics ,  each  c a l l  hav ing  from 6 
t o  11. Dominant f r e q u e n c i e s  a re  HI and F. O ther f r e q u e n c ie s  
o f  h ig h  i n t e n s i t y  a re  H2-H5*
The d u r a t i o n  of a l l  th e  CC a n a ly z e d  i s  150 ms. The 
mimicked c a l l s  compare q u i t e  w e l l  w i th  p u b l i s h e d  sonagrams 
(C ham berla in  and C ornw ell ,  1971), w i th  r e s p e c t  to  p h y s ic a l  
c h a r a c t e r i s t i c s .
The Meow C a l l  (MC, F ig .  32) i s  a n o th e r  example of 
v o c a l  m im icry  t h a t  has  no a p p a re n t  f u n c t i o n .  During th e  tim e 
I k e p t  them a t  my home, th e  c a p t iv e  ja y s  l e a r n e d  to  i m i t a t e  
th e  meow o f  a p e t  Siamese c a t  (sonagram , F ig .  33)»
The c a t ' s  MC has an F o f  O.H-0 KHz t h a t  rem ains 
c o n s ta n t  th ro u g h o u t  th e  1200 ms c a l l .  T here  a r e  f i v e  
h a rm o n ics ,  H3, F , and HI be ing  m ost i n t e n s e  i n  t h a t  o r d e r .
The Blue Jay  MC c a l l s  have F of from O.H-O to  O.yO KHz
and tak e  th e  form o f  a s im p le  c r y .  ■ During th e  f i r s t  300 to
*+00 ms, th e  F i s  i n f l e c t e d  upward 0 .1 0  KHz and th e n  drops 
back to  th e  o r i g i n a l  v a lu e  d u r in g  th e  r e s t  of th e  c a l l .
There a re  from t h r e e  to  seven  harm on ics  and th e  dominant 
f r e q u e n c ie s  a re  th e  same as f o r  th e  c a t ' s  MC.
The d u r a t i o n  of Blue Jay  MC c a l l s  ran g e s  from 700 to  
1100 ms ( a v g . = 8 7 I ) .
W ith  th e  e x c e p t io n  of changes i n  i n f l e c t i o n ,  th e  Blue
Jay  MC c a l l s  a r e  v e ry  s i m i l a r  to  th e  c a t  MC c a l l s  i n  s t r u c t u r e .
T able  2 i s  a  summary o f  th e  p h y s ic a l  c h a r a c t e r i s t i c s  of 
the  c a l l s  i n  th e  harm onic s p e c t r a  g roup , and T able  3 l i s t s  th e  
f u n c t io n s  and p o s t u r e s  a s s o c i a t e d  w i th  th e s e  v o c a l i z a t i o n s .
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T a b le  2 . —P h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  h a rm o n ic  s p e c t r a  c a l l s
C a l l 88
F
(KHz)




No. o f  
H arm onics
Dom inant
F re q u en c y FM I n f l e c t i o n
No. o f  
C a l l s
DC 1 0 . 50 - 1 .6 0 412 153 64 4 - 1 1 v a r i e s up th e n  
down
3
DC 2 0 . 70 - 1 .0 0 275 61 38 0 F X down 3
AC 1 0 . 55 - 0 . 6 5 389 22 15 5-7 HI - h4 X up th e n  
down
7
FC 1 0 . 4 0 - 0 .9 0 431 9 7 5-7 H3,H1,H2 X none 15
FC 2 0 . 9 0 - 1 .8 0 373 18 28 2 HI o r  H2 X down
( t e r m i n a l )
15
YFC 1 0 . 7 5 - 1 . 6 5 438 13 13 0 - 4 H3,H1 X none 18
YFC 2 1 .8 5 - 2 .4 0 443 l 4 14 2 H I,H 2 ,
o r  F
X down
( t e r m i n a l )
18
YFB1 1 0 . 7 0 - 1 .2 0 209 20 38 509 H1,H2,H3 down l4
YFB2 1 0 . 3 0 - 2 .0 0 3 9$ 54 51 1 -10 H1,H2,H4 X none 16
YFB2 2 0 . 7 0 - 3 .3 0 265 45 44- 0 F X none 5
T ab le  2 .  C o n tin u e d
C a l l 88
F
(KHz)




No. o f  
H arm onics
D om inant
F re q u en c y FM I n f l e c t i o n
No. o f  
C a l l s
YFB3 1 0 . 9 0 - 2 .8 0 69 8 58 0 H1,H2,H3,
e t c .
X up th e n  
down o r  down
20
YFB3 2 2 . 70 - 3 .9 0 78 10 51 0 HI X up th e n  
down o r  down
14
YFB -̂ 1 3 .4 0 - 4 .0 0 ^38 175 47 0 F X v a r i e s 2
YFB1+ 2 2 . 70 - 3 . 1 0 650 50 11 0 F X v a r i e s 2
BK 1 1 . 6 0 - 1 .80 158 22 24 2 HI ,F ,H 2 X down 3
SK 1 0 .6 0 - 2 .0 0 193 10 47 2 - 5 H I , o r  F X none 80
LK 1 1 . 2 0 - 1 .5 0 486 36 19 2 - 5 H I,F ,H 2 up th e n  
down o r  down
7
CC 1 0 . 50 - 0 .7 0 150 0 0 6-11 H I,F ,H 2 up th e n  down 10
MC 1 0 . 4 0 - 0 . 7 0 871 61 18 3 -7 H3,F,H1 up th e n  down 7
112
Table  3*—P o s tu re s  and f u n c t io n s  a s s o c i a t e d  w i th  c a l l s  i n
th e  harm onic  s p e c t r a  group
V o c a l i z a t io n P o s tu re s F u n c t io n s
DC c ro u c h in g ,  f l i g h t ,  
b e in g  h a n d le d
d i s t r e s s ,  f r i g h t
AC sim p le  bobb ing , m ild  
o r  i n t e n s e  a g g r e s s io n ,  
n e u t r a l
a la rm
FC and YFC n e u t r a l ,  s im p le  
b o b b in g , m a in ten an ce
f l o c k  c o n ta c t
YFB1- c ro u c h in g ,  wing and food  s o l i c i t a t i o n
YFB̂ - t a i l  f l u t t e r i n g
BK c ro u c h in g ,  wing and c o u r t s h ip  f e e d in g
t a i l  f l u t t e r i n g s o l i c i t a t i o n
SK n e u t r a l ,  m a in te n a n c e . p a i r  o r  fa m ily
c o u r t s h ip  f e e d in g c o n ta c t  (p ro x im a l)
LK sim p le  bobb ing , wing p a i r  o r  f a m ily
and t a i l  f l u t t e r i n g c o n ta c t  ( d i s t a n c e ) ,  
f r u s t r a t i o n ,  hunger
CC v a r i e s ?
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Pmnphandle C a l l s
The B e l l  Song (BS, F ig .  3^-) i s  t h e  p r i n c i p a l  
t e r r i t o r i a l  c a l l  o f  t h e  Blue J a y .  I t  a l s o  may be g iv en  i n  
s i t u a t i o n s  where th e  b i r d  i s  e x c i t e d  by a  s t r a n g e  o b j e c t ,  
n o i s e ,  or an im al i n  or n e a r  th e  cage . I n  such  i n s t a n c e s  th e  
BS may be g iv e n  as  an  " a l e r t  s i g n a l "  by one b i r d ,  a p p a r e n t ly  
s e rv in g  to  c a l l  a t t e n t i o n  to  som ething o r ,  on th e  o th e r  hand , 
i t  may s im ply  be an  e x p r e s s io n  of th e  e x c i te m e n t  g e n e ra te d  by 
a s t r a n g e  c i r c u m s ta n c e .
The BS i s  accom panied by s im p le  bobbing  i n  28 o f  71 
ca se s  (*+0^) f o r  w hich  c a l l s  and p o s tu r e s  w ere  re c o rd e d  
s im u l ta n e o u s ly .  C a l l s  accompanied by s im p le  bobbing were 
g iv en  i n  th e  t e r r i t o r i a l  c o n te x t .  O ther p o s t u r e s  accompanying 
t h i s  c a l l  a r e  th e  n e u t r a l  and i n v e s t i g a t o r y  p o s t u r e s .  The 
l a t t e r  p o s tu r e  u s u a l l y  accom panies th e  BS o f  a  h ig h ly  e x c i t e d  
b i r d .
BS c a l l s  u s u a l l y  have two c l e a r  n o t e s ,  each o f  w hich 
i s  p roduced  by a  d i f f e r e n t  SS. SI has  an  F of 2 .30  to  2 .9 0  
KHz which i s  r a r e l y  i n f l e c t e d  up or down. I f  t h e r e  i s  
i n f l e c t i o n  i t  n e v e r  exceeds 0 .1 0  KHz. 81 o c c a s io n a l ly  has  
one, r a r e l y  two, v e ry  low i n t e n s i t y  h a rm o n ic s .  The F i s  
o f t e n  m odula ted  ab o u t  0 .5 0  KHz above and below th e  F . The 
d u r a t i o n  o f  S1 ra n g e s  from 250 to  350 ms (avg . = 267).
82 o f  th e  BS b e g in s  175 to  225 ms a f t e r  SI a t  an  F o f  
1.50  to  1.70  KHz and rem a in s  a t  th e  i n i t i a l  v a lu e  th ro u g h o u t  
i t s  d u r a t i o n .  There  a r e  no harm onics and th e  d u r a t io n  o f  82 
ra n g e s  from 50 to  200 ms (avg. = 113).
F ig u r e  3^* The B e l l  Song (BS)
8  KHz 
7  KHz 
6  KHz 
5KHz 
4  KHz 
3  KHz 
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The f i r s t  a t t e m p ts  o f  BS of one- to  th re e - m o n th -o ld  
Blue Jay s  d i f f e r  from a d u l t  BS c a l l s  i n  a number o f  w a y s .
The YBS (F ig .  35) c a l l s  have two 88. I n  g e n e r a l  F o f  YB8 81 
i s  low er th a n  th o s e  o f  B8 81 (1 .8 0  to  2 .8 0  KHz). The F o f  81 
i s  u s u a l l y  i n f l e c t e d  up from  0 .1 0  to  1 .00  KHz and th e n  down 
0 .1 0  to  1 .80  KHz, b u t  may rem ain  s t a b l e .  The F i s  o f t e n  
m odula ted  to  th e  same d e g re e  a s  81 o f  B8. Sometimes th e r e  
a r e  t h r e e  or f o u r  h a rm o n ic s ,  b u t  the  F i s  th e  dom inant 
f r e q u e n c y .  YB8 81 a re  lo n g e r  th a n  B8 81, r a n g in g  from  275 to  
600 ms (avg . = 4 2 7 ) .
82 o f  YB8 may b e g in  b e f o r e ,  a f t e r  o r  s im u l ta n e o u s ly  
w i th  81, and th e  F ra n g e s  from 1.00 to  2 .9 0  KHz. 82 o f t e n  
has up t o  t h r e e  harm on ics  w i th  th e  F b e in g  dom inan t.
M odula tion  o f  YB8 82 i s  s i m i l a r  to  t h a t  o f  B8 82. The 82 i s  
q u i t e  lo n g ,  l a s t i n g  from  125 to  550 ms (avg . = 4 o 6 ) .
The Wheedle B e l l  Song (WB8, F ig .  3 6 ) sounds s i m i l a r  to
th e  B8, b u t  i s  q u i t e  d i f f e r e n t  i n  s t r u c t u r e .  I t  i s  g iv e n  by
m i ld ly  e x c i t e d  b i r d s  and a l s o  by b i r d s  w hich  a p p ea r  to  be i n
s i t u a t i o n s  w hich  in v o lv e  u n c e r t a i n t y ,  p o s s i b l y  b e cau se  o f  a 
c o n f l i c t  o f  d r i v e s  e x i s t s .  For exam ple, a  c a p t iv e  j a y  may be 
q u i t e  hungry  b u t  r e l u c t a n t  to  approach  a f e e d in g  s t a t i o n ,  
p e rh a p s  b ecau se  t h e r e  i s  a s t r a n g e  human (a p e r s o n  o th e r  th a n  
th e  a u th o r )  i n  th e  c ag e .  The WBS i s  o f t e n  g iv e n  by a b i r d  i n  
such c i r c u m s ta n c e s .  I n  s i t u a t i o n s  o f u n c e r t a i n t y  th e  WB8 i s  
u s u a l l y  unaccom panied  by n e u t r a l  or i n v e s t i g a t o r y  p o s t u r e s ,  
whereas when th e  WB8 i s  an  a p p a re n t  e x p r e s s io n  o f  e x c i te m e n t
F ig u r e  3 5 .  The B e l l  Song o f  young B lue  J a y s  (YBS).
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F ig u r e  3 6 . The W heedle B e l l  Song (WBS).
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(1^ o f  th e  56 c a l l  and p o s tu r e  r e c o r d i n g s  [25^ ] ) ,  i t  i s  
accom panied by s im p le  bobb ing .
The f i r s t  o f  th e  two 88 o f  th e  WB8 has an F o f  from 
3 .3 0  t o  3*80 KHz. During th e  f i r s t  100-150 ms, th e  F may 
r i s e  0 .1 0  KHz and t h e r e a f t e r  d e c r e a s e  0 .1 0  to  O .7O KHz.
8ometimes th e  F sim ply  d e c re a s e s  from  b eg in n in g  to  end o f  th e  
c a l l .  I n  m ost c a se s  81 i s  s t r o n g l y  b u t  i r r e g u l a r l y  f re q u e n c y  
m o d u la ted .  I f  81 was h a rm o n ics ,  t h e r e  i s  only  one and i t  i s  
l e s s  i n t e n s e  th a n  F. The d u r a t i o n  ran g e  o f  81 i s  300-^+50 ms 
(avg . = 3^ 1 ) .
82 of th e  WB8 b eg in s  100-200 ms a f t e r  81 a t  an F of 
2 .1 0  to  3 -00  KHz and rem ains a t  t h e  i n i t i a l  v a lu e  u n t i l  i t  
s t o p s .  T here  a re  no h a rm o n ics ,  b u t ,  as  i n  81, t h e r e  i s  
u s u a l l y  s u b s t a n t i a l  b u t  i r r e g u l a r  FM. The d u r a t i o n  ran g e  o f  
82 i s  100 t o  300 ms (avg. = 2 2 5 ) .
T ab le  ^  l i s t s  th e  p h y s i c a l  c h a r a c t e r i s t i c s  and T ab le  5 
l i s t s  th e  f u n c t io n s  and p o s t u r e s  a s s o c i a t e d  w i th  th e  
pumphandle c a l l s .
C l ic k  C a l l s
The R o l l in g  C l ic k  C a l l  (RC, F ig .  37) i s  always 
accom panied  by s im p le  bobbing (one o r  two bobs p e r  RC), and , 
a p p a r e n t l y ,  i s  e x c l u s i v e l y  a fem a le  v o c a l i z a t i o n .  I  have 
sexed  my c a p t iv e  an im als  b e h a v i o r a l l y  d u r in g  th e  b re e d in g  
s e a s o n .  The an im als  obse rved  to  g iv e  th e  RC were e i t h e r  
u n se x e d ,  b ecau se  th ey  d id  n o t  m a te ,  o r  were c la s s e d  
b e h a v i o r a l l y  as f e m a le s .  The RC i n d i c a t e s  e x c i te m e n t
T ab le  h . — P h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  prunphandle c a l l s
C a l l SS
F
(KHz)




No. o f  
H arm onics
D om inant
F re q u e n c y FM I n f l e c t i o n
No. o f  
C a l l s
BS 1 2 . 30 - 2 .9 0 267 7 22 0 F X n o n e ,  up 
o r  down
9
BS 2 1 . 50-1 .70 113 17 46 0 F X none 9
YBS 1 1 . 80 - 2 .8 0 427 26 34 0 - 4 F X up th e n  
down
13
YBS, 2 1 . 0 0 - 2 .9 0 406 35 38 0-3 F X none 13
WBS 1 3 . 3 0 - 3 .8 0 341 21 17 0-1 F X down o r  up 
th e n  down
8
WBS 2 2 . 10 - 3 .0 0 225 2 6 33 0 F X none 8
ro
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Table 5*—P o s tu re s  and f u n c t io n s  a s s o c i a t e d  w i th  th e
pumphandle c a l l s
V o c a l i z a t io n P o s tu re s F u n c tio n s
BS and YBS sim ple  bobb ing , t e r r i t o r i a l ,  a l e r t .
n e u t r a l , e x c i te m e n t
i n v e s t i g a t o r y
WBS sim ple  bobb ing , m ild  e x c i te m e n t .
n e u t r a l . u n c e r t a i n t y
i n v e s t i g a t o r y
F ig u r e  3 7 . The R o l l i n g  C l i c k  C a l l  (RC).
8  KHz I-
7  KHz 
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a s s o c i a t e d  w i th  f e a r .  S p e c i f i c a l l y ,  i t  seems to  be 
a s s o c i a t e d  w i th  a  th w a r te d  d r i v e  to  f l e e .  For exam ple, 
some of th e  c a p t iv e  fem ale  j a y s  were n o t  v e ry  tame and 
■usually av o id e d  me. However, when th ey  were c o n f in e d  i n  
sm a ll  e n c lo s u r e s  f o r  s p e c i a l  o b s e r v a t io n ,  th e y  were u n a b le  
to  m a in t a in  much d i s t a n c e  betw een  me and th e m se lv e s .  I t  was 
i n  t h e s e  c i r c u m s ta n c e s  t h a t  th e  RC was m ost o f t e n  o b se rv e d .  
O c c a s io n a l ly ,  th e  RC seemed to  f u n c t i o n  a s  an  a l e r t  s i g n a l  
i n  th e  same f a s h i o n  as  th e  BS.
The RC i s  made up o f two s e r i e s  o f c l i c k s  w i th  v o ic e d  
sound (o n ly  one s e r i e s  i s  shown i n  F ig .  37)* The f i r s t  s e r i e s  
o f c l i c k s  c o n ta in s  15 to  17 c l i c k s  (avg . = 1 6 .6 ) ,  23 ms a p a r t  
and th e  secon d  s e r i e s  c o n ta in s  1*+-16 (avg . = 15*8) c l i c k s  23 
ms a p a r t .  The s e r i e s  th e m se lv e s  a r e  from 60 t o  210 ms a p a r t  
(avg . = 8 7 . 8 ) ,  b u t  on ly  one i n t e r v a l  was more th a n  80 ms 
lo n g .  I f  t h i s  a b e r r a n t  i n t e r v a l  i s  o m it te d ,  th e  avg . i s
7 2 .5  ms.
The v o ic e d  sound has  o n ly  one SS whose F i s  from I .70  
to  1 .90  KHz i n  th e  f i r s t  c l i c k  s e r i e s  and from 1 .80  t o  2 .0 0  
KHz i n  th e  second  s e r i e s .  The F i s  i n f l e c t e d  down 0 .1 0  to  
0 .2 0  KHz over th e  d u r a t i o n  o f  e ac h  s e r i e s  o f  c l i c k s .  T h is  i s  
p ro b a b ly  due to  th e  c lo s in g  o f  th e  mouth, w hich  i s  e a s i l y  
o b se rv e d .  A f u r t h e r  i n d i c a t i o n  t h a t  th e  mouth i s  c lo s e d  as  
the  c a l l  p r o g r e s s e s  i s  th e  s h i f t  i n  i n t e n s i t y  o f  h a rm o n ic s .
The f i r s t  f o u r  c l i c k s  alw ays have  two h a rm o n ic s ,  b u t ,  a s  th e  
F d e c r e a s e s ,  on ly  one o r  no harm onic  i s  p r e s e n t .
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The D escending W h is t le  (DW, F ig .  3 8 ) i n d i c a t e s  
e x c i te m e n t  and , l i k e  th e  RC and BS c a l l s ,  may s e rv e  as  an 
a l e r t  n o t e .  I t  i s  accompanied by s im p le  bobbing 20^ o f  th e  
time i t  i s  g iv e n  and a l s o  by n e u t r a l  and i n v e s t i g a t o r y  
p o s t u r e s .
The DW c o n ta in s  c l i c k s  w i th  v o ice d  sound from two SS. 
During th e  f i r s t  10*+ to  115 ms (D¥1 i n  Table 6) th e  F o f  SI 
s t a r t s  a t  2.^-0 to  2 . 7O KHz and d rop s  O .7O to  1 .20  KHz. This 
p a r t  of th e  c a l l  has  I 7 o r  18 c l i c k s ,  each  27 or 28 ms a p a r t .  
There i s  one harm on ic , w hich i s  much more i n t e n s e  th a n  th e  F. 
During th e  n e x t  50 to  60 ms (DW2 i n  Table  6) (avg . = 56) o f
th e  c a l l  t h e r e  a r e  no c l i c k s  and th e  F drops r a p i d l y  1.1+0 to
2 .6 0  KHz.
S2 u s u a l l y  b e g in s  ab o u t  25  to  28 ms a f t e r  SI and has 
t h r e e  to  n in e  c l i c k s  (avg . = 6 .6 )  25 to  35 (avg . = 28) ms 
a p a r t .  The F i s  3*30 to  4 .0 0  KHz and u s u a l l y  d rops  0 .1 0  to  
0 .6 0  KHz and th e n  r i s e s  0 .2 0  to  0 .6 0  KHz. There a r e  no 
h a rm o n ics .  The average  d u r a t i o n  o f  S2 i s  56 ms.
The Growl (GR, F ig .  3 9 ) ,  t o  which I  have n o t  been
a b le  to  a s s i g n  a f u n c t i o n ,  i s  accom panied by n e u t r a l  or 
m ain ten ance  p o s t u r e s .  There a re  one or two SS, th e  f i r s t  o f 
which has  an  F o f  O .7O to  I .80  KHz. The F i s  i n f l e c t e d  up 
s h a rp ly  O.50  to  3*40 KHz d u r in g  th e  f i r s t  150 to  250 ms of 
th e  c a l l .  During th e  n e x t  p a r t  o f  th e  c a l l  th e  F rem ains  
f a i r l y  s t a b l e  and th e n  d rops r a p i d l y  0 .6 0  to  3 .30 KHz over a 
p e r io d  o f  50 to  150 ms. There a r e  5 to  14 c l i c k s  (avg . =
7 . 9 ) i n  SI from 20 to  50 ms (avg. = 25) a p a r t .  Harmonics a re








0.5 sec. 1.0 sec. 1.5 sec.
F ig u r e  3 9 . The Growl (GR)
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n o t  p r e s e n t .  The d u r a t i o n  o f  81 ra n g e s  from 125 to  4-50 ms 
(avg . = 2 30 ) .
82, when i t  i s  p r e s e n t ,  has  an F o f  0 .6 0  to  1 .80 KHz, 
which rem a in s  s t a b l e  w i th  r e s p e c t  to  o v e r a l l  i n f l e c t i o n ,  b u t  
which i s  f re q u e n c y  m odula ted  th ro u g h  abou t 0.4-0 KHz. There 
a re  from 9 to  13 c l i c k s  (avg . = 11 .0 )  20 to  4-0 ms (avg. =
2 9 ) a p a r t .  The d u r a t io n  o f  82 ra n g e s  from 75 to  575 ms 
(avg. = 3 0 0 ) .
The T r ip l e  Descending W h is t le  (TDW, F ig .  40) 
f u n c t io n s  a s  a t e r r i t o r i a l  c a l l ,  an a l e r t  c a l l  o r  as an 
"announcement o f  v i c t o r y "  o c c a s i o n a l l y  g iv en  by th e  w inner 
o f an a g g r e s s iv e  e n c o u n te r .  When th e  TDW s e rv e s  as  an  a l e r t  
c a l l  i t  i s  accompanied by n e u t r a l  p o s tu re  o r ,  i n f r e q u e n t l y ,  
s im ple  b o b b in g , w h e reas ,  when i t  i s  a t e r r i t o r i a l  c a l l  or 
v i c t o r y  announcement, i t  i s  u s u a l l y  accompanied by s im p le  
bobbing or n e u t r a l  p o s t u r e .
The TDW i s  a c t u a l l y  a s e r i e s  o f  th r e e  s h o r t  w h i s t l e s  
o r i g i n a t i n g  from only  one 88. C l ic k s  a re  i r r e g u l a r l y  p r e s e n t  
i n  most TDW. The TDW u s u a l l y  has  fo u r  d i s t i n c t  n o t e s .  The 
f i r s t  n o t e ,  when p r e s e n t  (4-2^ o f  TDW a n a ly z e d ) ,  i s  10 to  20 
ms long  (avg . = I 8 ) and i t s  F i s  from 1.00 to  1 .60  KHz. I t  
has no h a rm o n ic s .  The second  n o t e ,  15 to  28 ms (avg . = 2 2 ) ,  
has an  F o f  1 .50  to  2 .1 0  KHz. I t  i s  p r e s e n t  i n  a l l  TDW 
a n a ly zed  and has no h a rm o n ic s .  The t h i r d  n o te  i s  r a t h e r  lo n g ,  
l a s t i n g  75 to  95 ms (avg . = 82) w i th  an  F o f  I .90 to  2 .9 0  KHz, 
which rem ains  c o n s ta n t  e x c e p t  i n  a few c a s e s ,  when i t  i s
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i n f l e c t e d  upward 0 .1 0  to  0 .2 0  KHz. T h is  n o te  u s u a l l y  has  two 
harm onics and th e  o rd e r  o f  dominance o f  th e  f r e q u e n c ie s  i s  F, 
HI, H2. The l a s t  n o te  i s  a l s o  lo n g ,  ra n g in g  i n  d u r a t i o n  from 
55 to  90 ms (avg . = 6 9 ) ,  and th e  F, w hich  b e g in s  a t  2 .5 0  to  
3 .2 0  KHz, d rops s h a r p ly  I .30  t o  2 . 7O KHz. The harm onic 
s p e c t r a  and dom inant f r e q u e n c i e s  a r e  th e  same as i n  th e  t h i r d  
n o te .
T ab les  6 and 7 l i s t  p h y s i c a l  and b e h a v io r a l  p a ra m e te rs  
o f  th e  c l i c k  c a l l s .
Song
Song i n  th e  Blue Jay  i s  g iv e n  by b o th  se x es  and 
u s u a l l y  c o n s i s t s  o f a  long  s e r i e s  o f  p h r a s e s ,  th e  
c h a r a c t e r i s t i c s  o f w hich  in c lu d e  a l l  o f  th o s e  p r e s e n t  i n  th e  
o th e r  t h r e e  c a l l  g ro u p s .  Most o f  th e  v o c a l i z a t i o n s  i n  th o se  
groups a r e  in c lu d e d  verba tum  i n  song , a lo n g  w i th  many s e r i e s  
o f  s h o r t  w h i s t l e d  n o t e s .  Blue Jay  songs a r e  v e ry  lo n g  i n  
d u r a t i o n ,  f r e q u e n t l y  l a s t i n g  o ver  two m in u te s .  Because songs 
a r e  so long  and becau se  th ey  a r e ,  e s s e n t i a l l y ,  a 
c o n g lo m e ra t io n  o f  a l l  th e  p r e v io u s ly  d e s c r ib e d  v o c a l i z a t i o n s ,
I  have n o t  in c lu d e d  a sonagram o f  t h i s  v o c a l i z a t i o n .
Song i n  th e  Blue Ja y ,  a s  I have c a l l e d  i t ,  i s  a type 
o f  p r im a ry  song (B e rg e r ,  1961). S p e c i f i c a l l y ,  i t  i s  a  s i g n a l  
song , t h a t  i s ,  one t h a t  i s  u se d  to  c o o rd in a te  th e  a c t i v i t i e s  
o f  a p a i r .  I t  i s  g iv e n  by th e  male d u r in g  c o u r t s h ip  b o b b in g , 
b u t  n e v e r  f u n c t io n s  as  an  a d v e r t i s i n g  o r  t e r r i t o r i a l  song .
Song i s  a l s o  g iv e n  when a b i r d  i s  r e l a x e d ,  p e rc h in g ,  o r
T ab le  6 . —P h y s ic a l
136
c h a r a c t e r i s t i c s  o f the c l i c k c a l l s
C a ll SS
F
(KHz)




No. o f  
Harmonics
RCia 1 1 . 70 - 1 .90 358 11 7 0-2
RC2& 1 1 . 80 - 2 .0 0 335 9 6 0-2
DW1^ 1 2 .4 0 - 2 .7 0 27 1 5 1
DWib 3 . 30- 4 .0 0 56 1 8 0
DW2^ 1 1 .2 0 -2 .0 0 28 2 4 0
GR 1 0 . 70 - 1 .80 230 35 44 0
GR 0 . 60- 1 .80 300 85 0
TDW1° 1 1 .0 0 -1 .6 0 18 1 21 0
TDW2C 1 1 . 50- 2 .1 0 22 1 17 0
TDW3 C 1 1 . 90 - 2 .9 0 82 1 7 0-2
TDW^c 1 2 . 50- 3 .2 0 69 2 15 0 -2
%C1 and RC2 r e p r e s e n t  th e  f i r s t  and second  s e r i e s  o f 
c l i c k s  i n  each c a l l .
th e  DW.
DW1 and DW2 r e p r e s e n t  th e  f i r s t  and second  p a r t s  o f
"TDW1 -  TDW4- r e p r e s e n t  th e  4- n o te s  o f  TDW c a l l s  as 
d i s c u s s e d  i n  th e  t e x t .
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T able  6 .  C on tinued
Dominant
Frequency FM I n f l e c t i o n
No. o f 
c l i c k s
I n t e r v a l  
betw een 
c l i c k s  (ms)
Nd. o f  
c a l l s
F down 15-17 23 7
F down 1'+-16 23 7
H1 • down 17-18 27 6
F down 3-9 28 6
F down 0 0 6
F up th e n  down 5-1^ 26 10
F none 9-13 29 10
F none v a r i a b l e v a r i a b l e 10
F none o r  up v a r i a b l e v a r i a b l e 21
F,H1,H2 none o r  up v a r i a b l e v a r i a b l e 27
F,H1,H2 down v a r i a b l e v a r i a b l e 25
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Table 7 . —P o s tu re s  and f u n c t io n s  a s s o c i a t e d  w i th  th e  c l i c k
c a l l s
V o c a l iz a t io n P o s tu re s F u n c t io n s
RC sim ple  bobbing by a l e r t ,  e x c i te m e n t
fem ale ( f e a r )  th w a r te d  d r iv e  
to  f l e e
DW sim p le  bobb ing ,
i n v e s t i g a t o r y ,
n e u t r a l
a l e r t ,  e x c i te m e n t
GR n e u t r a l ,  m ain tenance ?
TDW sim p le  bobb ing . t e r r i t o r i a l ,  a l e r t
n e u t r a l v i c t o r y  announcement
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moving a b o u t .  I n  th e s e  c a se s  i t  h a s  no a p p a re n t  f u n c t i o n  
o th e r  th a n  t h a t  i t  i s  an i n d i c a t i o n  t h a t  th e  b i r d  i s  i n  a 
calm b e h a v io r a l  s t a t e .
CHAPTER I I I
DISCUSSION AND CONCLUSIONS
O r ig in  and S ig n i f ic a n c e  of 
P o s tu re s  and D isp la y s
The f u n c t i o n s  o f v i s u a l  com m unication s i g n a l s  o f  Blue
Ja y s  in v o lv e  a number of com ponents , i n c lu d in g  f i x e d  and
moving a s p e c t s  o f  th e  h ead , body, w ing s , l e g s ,  and p lum age.
In  b i r d s  movement o f  con sp icuo us  p a r t s  o f th e  e n t i r e  body, as
w e l l  as th e  plumage may be im p o r ta n t  i n  d i s p l a y s  (T in b e rg e n ,
19'+8 ) ,  and i n  a d d i t i o n ,  th e  p o s i t i o n  and d e g re e  of
p i l o e r e c t i o n  o f  v a r io u s  p a r t s  o f  th e  plumage may have s p e c i f i c
com m unicative s i g n i f i c a n c e  (M o rr is ,  1956). Many o f  th e  v i s u a l
d i s p l a y s  o f  th e  B lue Jay  have th e  same p h y s i c a l
c h a r a c t e r i s t i c s  a s  f u n c t i o n a l l y  s i m i l a r  d i s p l a y s  t h a t  have
been d e s c r ib e d  i n  o th e r  a v ia n  s p e c i e s  (A rm strong, 19^7)*
M aintenance P o s tu re s  
Blue J a y s  engaged i n  such  m ain tenance  a c t i v i t i e s  as 
f e e d in g  and r e s t i n g  keep th e  plumage r e l a x e d  and th e  body i n  
a n e u t r a l  p o s i t i o n  or one s u i t e d  to  th e  a c t i v i t y  a t  hand . 
During w a te r  and sun  b a th in g  th e  f e a t h e r s  a r e  r u f f l e d  to  
f a c i l i t a t e  w e t t i n g  or warming (by th e  s u n ) . M ain tenance
Ik-0
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p o s t u r e s  r e q u i r e  l i t t l e  comment, as th ey  a re  e s s e n t i a l l y  
i d e n t i c a l  t o  th o se  d e s c r ib e d  f o r  most s p e c ie s  o f  b i r d s .
A g o n is t ic  P o s tu r e s  and D isp la y s  
P o s tu re s  and d i s p l a y s  o f  Blue Jay s  in v o lv e d  i n  
a g g r e s s iv e  or s e x u a l  a c t i v i t i e s  have many f e a t u r e s  i n  common. 
Most o f  th e  a g g re s s iv e  and s e x u a l  s i g n a l s  in v o lv e  some degree  
of p i l o e r e c t i o n ,  e s p e c i a l l y  o f  th e  c r e s t .  E r e c t i o n  o f  
plumage e f f e c t i v e l y  i n c r e a s e s  th e  s i z e  o f  th e  d i s p l a y in g  b i r d  
( D i lg e r ,  1956). E r e c t io n  o f  th e  c r e s t  a lo n e  does n o t  s ig n a l  
a t h r e a t ;  however, when i t  i s  combined w i th  a lo w e r in g  o f  the  
head  a n d /o r  p a r t i a l  opening o f  th e  m a n d ib le s ,  a g g r e s s io n  i s  
s i g n i f i e d .  As th e  d eg ree  o f  a g g r e s s io n  i n c r e a s e s ,  o th e r  
components a r e  b ro u g h t  i n t o  p l a y .  The d eg ree  of p i l o e r e c t i o n  
i n c r e a s e s ,  th e  wings and t a i l  a r e  h e ld  open o r  f l i c k e d  open 
and c lo s e d  and th e  body i s  t i p t o e d .  These components f u r t h e r  
i n c r e a s e  th e  co n sp icu o u sn ess  o f  th e  b i r d  b ecau se  th e y  in v o lv e  
m o tio n , i n c r e a s e  i n  e f f e c t i v e  s i z e ,  and d i s p l a y  o f  
c o n sp icu o u s  m ark ings .
The p o s tu r e  o f  a h i g h l y  a g g re s s iv e  b i r d  (F ig .  6) i s  
v e ry  s i m i l a r  to  t h a t  o f  a  s e x u a l l y  e x c i t e d  b i r d  ( F ig s .  10, 11 
and 1 2 ) ,  su g g e s t in g  a  common o r i g i n  f o r  th e  two ty p e s  o f  
d i s p l a y .  Fanning of the  w ings and t a i l  and r a i s i n g  of th e  
t a i l  a r e  th o u g h t  to  have been  d e r iv e d  from th e  f l i g h t  
i n t e n t i o n  movement (D aanje , 1 9 5 0 ) . E r e c t io n  o f  th e  plumage 
d u r in g  c o u r t s h ip  i s  p ro b a b ly  d e r iv e d  from a g g re s s iv e  d i s p l a y s ;
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how ever, i t  s e rv e s  a s i m i l a r  f u n c t i o n ,  i n c r e a s in g  th e  
e f f e c t i v e  s i z e  o f  th e  b i r d .
There a r e  d i s t i n c t  d i f f e r e n c e s  between i n t e n s e  
a g g r e s s io n  p o s tu r e s  and c o u r t s h ip  d i s p la y s  t h a t  p ro b a b ly  
c l a r i f y  t h e i r  meaning to  th e  b i r d  a t  which th e  d i s p l a y  i s  
d i r e c t e d .  F i r s t ,  d u r in g  c o u r t s h i p ,  th e  b i l l  i s  c lo s e d  and 
h e ld  p a r a l l e l  t o  th e  fe m a le ,  w hereas i n  a g g re s s iv e  d i s p l a y s  
and f i g h t i n g  th e  open b i l l  i s  d i r e c t e d  toward th e  o b j e c t  of 
a g g r e s s io n .  In  a d d i t i o n ,  c o u r t s h ip  d i s p l a y  i s  accom panied  by 
song , w hereas th e  on ly  a c o u s t i c  s i g n a l  t h a t  o c c a s i o n a l l y  
accom panies a g g re s s iv e  d i s p l a y s  i s  b i l l  sn a p p in g .
While s e x u a l  d i s p l a y s  s h a re  many o f  th e  components of 
a g g re s s iv e  d i s p l a y s ,  th e y  a l s o  c o n ta in  e lem en ts  c h a r a c t e r i s t i c  
o f  su b m iss iv e  d i s p l a y s .  I n  av o id an ce  p o s tu r e  th e  b i l l  i s  
h e ld  p a r a l l e l  to  o r  away from  th e  dominant b i r d ,  j u s t  as  the  
m ale d i r e c t s  th e  b i l l  away from  th e  c o u r te d  fe m a le .  During 
c o u r t s h ip  bobb ing , th e  m a le ’ s b i l l ,  a t  th e  top  o f  a bob i s  
d i r e c t e d  upward. T his i s  r e m in i s c e n t  o f  th e  b i l l - u p  p o s i t i o n  
o f  a b i r d  i n  appeasem ent p o s t u r e  (F ig .  15)» At th e  same 
t im e ,  th e  head o f  th e  m ale i s  above t h a t  o f  th e  fem a le  and 
h i s  t h r o a t  and b e l l y  a r e  e x p o sed . This exposu re  o f  
v u ln e r a b le  p a r t s  i s  a l s o  se e n  i n  appeasem ent p o s t u r e  and i n  
th e  p o s tu r e  o f th e  l o s e r  o f an a g g re s s iv e  e n c o u n te r .
I t  i s  e v id e n t ,  t h e n ,  t h a t  Blue Jay  c o u r t s h ip  d i s p l a y ,  
l i k e  c o u r t s h ip  d i s p l a y  i n  many o th e r  a v ia n  s p e c i e s  
(A rm strong, 19^7), combines e lem en ts  o f  bo th  a g g r e s s iv e
1^3
and su b m iss iv e  d i s p l a y s .  The e le m e n ts  o f  a g g re s s iv e  d i s p l a y s  
t h a t  se rv e  to  make th e  b i r d  co n sp icu o u s  a re  p r e s e n t  and th e  
e lem en ts  o f  su b m iss iv e  d i s p l a y s  in c lu d e d  s i g n i f y  t h a t  th e  
c o u r t in g  b i r d  does n o t  i n t e n d  to  a t t a c k  th e  o b j e c t  o f  h i s  
d i s p l a y .  The in c o r p o r a t i o n  o f  a s p e c t s  o f a g g re s s iv e  and 
su b m iss iv e  d i s p l a y s  i n to  c o u r t s h ip  d i s p la y s  i n d i c a t e s  t h a t  
c o u r t s h ip  b e h a v io r  i s  h ig h ly  ev o lv ed  b e h a v io r ,  d e r iv e d  from 
s im p le r  movements. I t  i s  a l s o ,  i n  most s p e c i e s ,  i n c lu d in g  
th e  Blue J a y ,  q u i t e  s t e r e o ty p e d ,  su p p o r t in g  th e  h y p o th e s is  
t h a t  i t  d ev e lo p s  l a t e r  th a n  o th e r  ty p e s  o f  a g o n i s t i c  d i s p l a y s  
(A rm strong, 19^7)* F u r th e r  e v id e n c e  s u p p o r t in g  t h i s  
h y p o th e s is  w i th  r e s p e c t  to  Blue Ja y  c o u r t s h ip  i s  th e  
accompaniment o f  c o u r t s h ip  bobbing  by song, th e  most complex 
v o c a l i z a t i o n .
Simple bobbing i s  a  p u z z l in g  d i s p l a y  to  which f u n c t i o n  
i s  a s s ig n e d  o n ly  w i th  d i f f i c u l t y .  The m ost n o ta b le  f e a t u r e  
o f  s im ple  bobbing  i s  th e  d e g re e  o f  m otion  in v o lv e d .  I  would 
l i k e  to  s u g g e s t  t h a t  th e  l a c k  o f  s p e c i f i c  components t h a t  
m igh t s i g n i f y  a g g re s s io n ,  su b m iss io n  o r  s e x u a l  e x c i te m e n t ,  
i n d i c a t e s  t h a t  th e  most im p o r ta n t  f u n c t i o n  of bobbing i s  to  
le n d  v i s u a l  em phasis to  v o c a l  d i s p l a y s .  As I have m en tio n ed , 
bobbing i s  r a r e l y  unaccom panied by v o c a l i z a t i o n  and a p p ea rs  
to  be s p e c i f i c a l l y  im p o r ta n t  i n  d i s t a n c e  com m unication where 
g ro s s  movement o f  the  body would be th e  on ly  r e c o g n iz a b le  
f e a t u r e  o f th e  d i s p l a y .  T hat bobbing  i s  g iv e n  w i th  a wide 
v a r i e t y  o f  v o c a l i z a t i o n s ,  w h ich , th e m se lv e s ,  have d i s t i n c t l y
1>+lf
d i f f e r e n t  f u n c t i o n s ,  i s  f u r t h e r  ev idence  t h a t  th e  s im p le  bob 
i s  a  n o n - s p e c i f i c  s i g n a l .
Subm issive  and S o l i c i t a t i v e  
P o s tu re s  and D isp lay s
The su b m iss iv e  d i s p l a y s ,  as  a g roup , a r e  
c h a r a c t e r i z e d  by r e l a x e d  o r  s le e k e d  plumage, upward or 
h o r i z o n t a l  b i l l  p o i n t  away from  th e  dominant o r  a g g r e s s iv e  
b i r d .  The su b m iss iv e  b i r d  u s u a l l y  assumes a p o s i t i o n  t h a t  
exposes  th e  t h r o a t  and b e l l y  i f  th e  a g g re s s o r  o r  dom inant i s  
i n  c lo s e  p ro x im i ty .  The hunched p o s i t i o n  of th e  body, 
e v id e n t  i n  th e  n e s t l i n g  a la rm  f r e e z e  (F ig .  l 4 ) ,  and , t o  a 
l e s s e r  d e g re e ,  i n  av o id an ce  p o s tu r e  (F ig . 1 3 ) ,  and s le e k e d  
p lum age, s e e n  i n  a l l  o f  th e  su b m iss iv e  p o s tu r e s  a r e ,  i n  many 
r e s p e c t s  th e  o p p o s i te  o f  th e  u p r i g h t  s t a n c e ,  r u f f l e d  plumage, 
b i l l  fo rw a rd  t h r e a t  d i s p l a y s .  The tu rn in g  away o f  th e  body 
and b i l l  from th e  a g g re s s o r  i s  th o u g h t  to  r e p r e s e n t  th e  
r i t u a l i z a t i o n  of th e  f l i g h t  i n t e n t i o n  movements (T in b e rg en , 
1959), and p ro b a b ly  s e rv e s  to  remove the  s ig n  s t i m u l i  f o r  
a g g r e s s io n .
The s o l i c i t a t i v e  d i s p l a y s  a re  c h a r a c t e r i z e d  by 
c rouched  body p o s i t i o n ,  low ered  head , w id e ly  opened b i l l  and 
th e  f l u t t e r i n g  o f  w ings and t a i l .  These ty p es  o f  d i s p l a y s  
d eve lop  f i r s t  i n  v e ry  young b i r d s ,  where th e y  s e r v e  t o  e l i c i t  
p r o v i s i o n  o f  fo od  by th e  p a r e n t s .  L a te r  i n  l i f e  a d u l t  b i r d s ,  
e s p e c i a l l y  f e m a le s ,  r e v e r t  to  t h i s  type  o f  j u v e n i l e  b e h a v io r  
i n  c o u r t s h ip  f e e d in g  and c o p u la t io n  s o l i c i t a t i o n .  Appearance
1^5
o f  j u v e n i l e  s o l i c i t a t i v e  b e h a v io r s  i n  a d u l t  b i r d s  i s  common 
i n  many s p e c ie s  (A rm strong, 19^7; Andrew, 1 961 ) .  Such 
d i s p l a y s  a p p a r e n t ly  s e rv e  two f u n c t i o n s  : 1) to  red u c e
a g g r e s s iv e  t e n d e n c ie s  i n  t h e  m a le ,  and 2) t o  s i g n a l  to  th e  
male t h a t  th e  fem ale  i s  r e c e p t i v e  to  c o u r t s h ip  f e e d in g  and 
c o p u la t i o n .
C o u r tsh ip  fe e d in g  i n  t h e  Blue Jay  s e rv e s  to  e s t a b l i s h  
a m a le - f e e d in g - f e m a le  r o u t i n e .  T h is  i s  p a r t i c u l a r l y  a d a p t iv e  
i n  t h a t  i t  a l lo w s  th e  fem a le  t o  spend  more tim e in c u b a t in g  
th e  eggs (a s t r i c t l y  fem ale  a c t i v i t y ) ,  r e l i e v i n g  h e r  o f  th e  
need  to  f o r a g e  f o r  fo o d .  C o u r ts h ip  f e e d in g  i s  a l s o  im p o r ta n t  
i n  th e  m a in ten an ce  o f  th e  p a i r  bond i n  B lue J a y s . Many o f  
th e  c a p t iv e  ja y s  t h a t  e s t a b l i s h e d  p a i r  bonds d u r in g  t h e i r  
f i r s t  b re e d in g  se a so n  rem a in ed  p a i r e d  d u r in g  th e  n o n -b re e d in g  
se a so n  and  i n t o  th e  n e x t  b r e e d in g  s e a s o n .  I n  t h e s e  b i r d s  
t h e r e  was c o n s id e r a b le  r e d u c t i o n  o r  com ple te  a b sen ce  o f  th e  
r i t u a l i z e d  male c o u r t s h ip  d i s p l a y  i n  t h e  second  b re e d in g  
s e a s o n .  In  a d d i t i o n ,  b i r d s  w i th  w e l l - e s t a b l i s h e d  p a i r  bonds 
were r e a d y  to  n e s t  e a r l i e r  i n  t h e i r  second  b re e d in g  s e a s o n .  
Thus, c o u r t s h ip  f e e d in g  i s  an  i n t e g r a l  p a r t  o f  th e  b re e d in g  
c y c le  t h a t  p e rm i ts  r e p r o d u c t iv e  a c t i v i t y  t o  be c a r r i e d  ou t 
w i th  maximum e f f i c i e n c y  b e c a u se  i t  r e d u c e s  th e  amount o f  
en e rg y  t h a t  would o th e rw is e  be s p e n t  i n  such a c t i v i t i e s  as 
f o r a g in g  by th e  fem ale  d u r in g  i n c u b a t i o n  and renewed 
c o u r t s h ip  by th e  male a t  th e  o n s e t  o f each  b re e d in g  s e a so n .
I t  sh o u ld  be n o te d  t h a t  a d u l t  s o l i c i t a t i v e  d i s p l a y s
1^6
a re  accom panied by v o c a l i z a t i o n s  (BK, SK, LK) t h a t  re sem b le  
fo o d -b e g g in g  c a l l s  o f  th e  young (YFB1, YFB2).
The Blue J a y ’ s r e p e r t o i r e  o f  v i s u a l  com m unication 
s i g n a l s  h a s  a l i m i t e d  number o f  components t h a t  may be 
combined i n  d i f f e r e n t  ways to  s e r v e  d i f f e r e n t  f u n c t i o n s .  
S im i la r  c o m b in a t io n s  o f  components ( f o r  exam ple, young 
fo o d -b e g g in g  and fem ale  c o u r t s h ip  f e e d in g  s o l i c i t a t i o n )  may 
have o th e r  cues t h a t  le n d  them d i s t i n c t i v e n e s s .  Thus, two 
s i m i l a r  v i s u a l  d i s p l a y s  may e l i c i t  d i f f e r e n t  r e s p o n s e s  due 
to  th e  p r e s e n c e  o f  a d d i t i o n a l  v o c a l  o r  c o n te x tu a l  c u e s .
S t r u c t u r e , F u n c t io n  and E v o lu t io n  
. o f  A c o u s t ic  S ig n a ls
A lthough  th e  v o c a l  r e p e r t o i r e  o f  th e  Blue Jay  c o n ta in s  
o n ly  ab o u t  20 d i s t i n c t  ty p e s  o f c a l l s ,  th e  a c t u a l  number o f 
m ea n in g fu l  s i g n a l s  i s  g r e a t e r  b e c a u s e ,  as w i th  v i s u a l  
d i s p l a y s ,  a  s i n g l e  v o c a l i z a t i o n  may be u se d  to  communicate a 
number o f  d i f f e r e n t  c o n ce p ts  i f  i t  i s  accompanied by d i f f e r e n t  
p o s tu r e s  o r i f  i t  i s  g iv e n  i n  d i f f e r e n t  c o n te x t s .
Harmonic S p e c t r a  C a l l s
T he 'ha rm on ic  s p e c t r a  c a l l s  a r e  c h a r a c t e r i z e d  by 
numerous h a rm o n ic s ,  dom inant f r e q u e n c i e s  o f  h ig h  v a lu e ,  and 
lo n g  d u r a t i o n s .  They f u n c t i o n  a s  s i g n a l s  o f ex trem e 
e x c i te m e n t  a s s o c i a t e d  w i th  f e a r  and as  c o n ta c t  o r  l o c a t i o n  
n o t e s .
The D i s t r e s s  C a l l  (DC) h a s  th e  c h a r a c t e r i s t i c s  o f  a 
sound t h a t  can  be l o c a te d  o n ly  w i t h  d i f f i c u l t y  (M a r ie r ,  1955?
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Bremond, 1963), t h a t  i s ,  i t  i s  lo n g ,  b e g in s  and ends 
im p e r c e p t ib ly ,  and i t s  dom inant f r e q u e n c i e s  a r e  r a t h e r  h ig h  
and s t a b l e  th ro u g h o u t  th e  c a l l .  The DC can be s a i d  to  be a 
w arn ing  o f  imminent danger i n  t h a t  th e  b i r d  g iv in g  th e  c a l l  
has a l r e a d y  been cau g h t o r i s  b e in g  c l o s e l y  p u r s u e d .  I t  
p ro b a b ly  e l i c i t s  a  f l i g h t  r e s p o n s e  i n  o th e r  j a y s ,  a l th o u g h  I 
have n o t  been  a b le  to  t e s t  t h i s  h y p o th e s i s  to  my s a t i s f a c t i o n .
A s i m i l a r  DC i n  th e  European Jay  has been  d e s c r ib e d  (Bremond, 
1963).
The Alarm C a l l  (AC) i s  a l s o  a s i g n a l  o f  imminent 
d a n g e r ,  a l th o u g h  i t s  a b ru p t  changes i n  f re q u e n c y  a t  the  
b e g in n in g  and end make i t  somewhat e a s i e r  to  l o c a t e .  However, 
i t  i s  a  long  c a l l  w i th  a  dom inant f re q u e n c y  t h a t  i s  r a t h e r  
h ig h .  Hardy (1961) and Edwards (1971) have b o th  d e s c r ib e d  
t h i s  c a l l  and su g g e s te d  t h a t  i t  s e rv e s  as  an  a la rm  c a l l ,  and 
Brown (196*+) d e s c r ib e s  an  a la rm  c a l l  i n  S t e l l e r ’ s Jay  t h a t  i s  
s i m i l a r  i n  s t r u c t u r e  to  th e  B lue Jay  AC.
The F lo ck  C o n ta c t  C a l l  (FC) h as  o n ly  one c h a r a c t e r i s t i c  
t h a t  would make i t s  so u rc e  e a s i l y  l o c a t a b l e — th e  p re s e n c e  o f 
ve ry  pronounced  f re q u e n c y  m o d u la t io n  (FM) a t  i t s  end .
However, th e  FC i s  r e p e a t e d  v e ry  f r e q u e n t l y  and t h i s  p ro b a b ly  
a c c o u n ts  f o r  i t s  f u n c t i o n  as a c o n ta c t  n o t e .  I t  i s  a l s o  
accom panied  by s im p ly  b obb ing , w hich le n d s  v i s u a l  
c o n sp ic u o u sn e ss  to  th e  c a l l e r .  Edwards (1971) co n cu rs  t h a t  
t h i s  c a l l ,  to  which he g iv e s  th e  name "monotone waa" c a l l ,  
s e r v e s  as  a  f lo c k in g  c a l l .
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Type 1 and Type 3 Young Food-begging  C a l l s  (YFB1,
YFB3) a re  e a s i l y  l o c a t a b l e  c a l l s  due to  s h o r t  d u r a t i o n s ,  
a b ru p t  changes i n  f re q u e n c y ,  a n d /o r  low v a lu e s  of dom inant 
f r e q u e n c i e s .  On th e  o th e r  hand , YFB2 and YFB4 p ro v id e  few 
cues f o r  l o c a t i o n  i n  t h a t  th ey  a r e  o f  long d u r a t i o n  and end 
i n d e f i n i t e l y .  YFB1 and YFB2 a r e  g iv e n  by n e s t l i n g s  o r  v e ry  
young f l e d g l i n g s ,  w h ile  YFB3 and  YFB4 a re  g iv e n  by o ld e r  
n e s t l i n g s  and f l e d g l i n g s .  Thus, a l th o u g h  th e  c a l l s  g iv e n  
change w i th  a g e ,  t h e r e  a r e  c a l l s  t h a t  can be l o c a t e d  bo th  
w i th  and w i th o u t  e a se  u sed  by a  young b i r d  of any a g e .  I 
have n o t  a s c e r t a i n e d  how young b i r d s  m ight d e c id e  w hich type 
of c a l l  to  u s e ,  b u t  i t  seems l i k e l y  t h a t  th ey  may ta k e  cues 
from th e  b e h a v io r  of t h e i r  p a r e n t s .
The Keu c a l l s  a re  a l l  d i f f e r e n t  ty p es  o f  c o n ta c t  
n o te s  u sed  by p a i r s  and fa m i ly  g ro u p s .  The Begging Keu C a ll  
(BK) and th e  S o f t  Keu C a l l  (SK), u se d  as p rox im al comm unication 
s i g n a l s ,  a re  f r e q u e n t l y  r e p e a t e d ,  b u t  th e  Loud Keu C a l l  (LK) 
i s  n o t .  The LK h as  more p ronounced  changes i n  i n f l e c t i o n  and 
i s  u s u a l l y  q u i t e  lo u d ,  u n l ik e  t h e  BK and SK. Thus, a l l  th e s e  
c o n ta c t  c a l l s  p ro v id e  good l o c a t i o n  c u e s ,  b u t  i n  d i f f e r e n t  
f a s h i o n s .  Goodwin (1952) d e s c r i b e s  a c a l l  s i m i l a r  t o  th e  SK 
i n  th e  E uropean Jay  t h a t  i s  u se d  by th e  male t o  c a l l  th e  
fem ale  to  a n e s t  s i t e  he has  c h o se n .  Hardy (1961) and 
Edwards (1971) b o th  su g g e s t  th e  Keu c a l l s  to  be im p o r ta n t  
v o c a l i z a t i o n s  i n  com m unication betw een members o f  a  p a i r .
The Crow C a l l  (CC) and th e  Meow C a l l  (MC) a r e  b o th  
examples o f  v o c a l  m im icry , a phenomenon t h a t  h a s  been
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d e s c r ib e d  i n  Blue Jays (V is h e r ,  1912; Edwards, 1971)*
W hether o r n o t  th e s e  c a l l s  s e rv e  any s p e c i f i c  f u n c t i o n s  i s  
u n c le a r  a t  p r e s e n t .
B ecause th e  harm onic s p e c t r a  c a l l s  sh a re  so  many 
p h y s ic a l  and f u n c t i o n a l  s i m i l a r i t i e s  and because  th e y  a re  
q u i t e  s i m i l a r  to  th e  c a l l s  o f  o th e r  ja y s  (Hardy, 1969), i t  
seems r e a s o n a b le  to  h y p o th e s iz e  t h a t  th ey  were a l l  d e r iv e d  
from one b a s i c  ty p e  o f c a l l .  T h is  c a l l ,  i n  i t s  p r i m i t i v e  
form , was p ro b a b ly  r i c h  i n  ha rm on ics  w i th  a  low fu n d am en ta l  
f req u e n cy  ( F ) ,  and l i t t l e  o r  no i n f l e c t i o n .  S l i g h t  changes 
i n  d u r a t i o n ,  i n  F, e i t h e r  by i n f l e c t i o n  o r  m o d u la t io n ,  
combined w i th  th e  a d d i t i o n a l  b e h a v io r a l  cues a f f o r d e d  by 
combining p o s t u r e s  and d i s p l a y s  w i th  a c o u s t i c  s i g n a l s ,  may 
have become s t a b l e  over t im e ,  p ro v id e d  th ey  were a d a p t iv e ,  
a l lo w in g  th e  developm ent o f  an  in c r e a s e d  number o f  s p e c i f i c  
s i g n a l s .
The Pumphandle C a l ls
The pumphandle c a l l s  a r e  h ig h e r  i n  f r e q u e n c y  and 
s h o r t e r  i n  d u r a t i o n  th an  m ost o f  th e  harm onic s p e c t r a  c a l l s .  
They have few harm onics and , u n l i k e  harm onic s p e c t r a  c a l l s ,  
th e  F i s  a lw ays th e  dom inant f r e q u e n c y .  Pumphandle c a l l s  
f u n c t i o n  as t e r r i t o r i a l  c a l l s ,  a l e r t  c a l l s  and e x p re s s io n s  o f  
e x c i te m e n t  a s s o c i a t e d  w i th  u n c e r t a i n t y  or p o t e n t i a l l y  
th r e a te n in g  s i t u a t i o n s .  The harm onic  s p e c t r a  c a l l s  f u n c t i o n  
as c o n ta c t  n o t e s  and a re  l o c a t a b l e  m ain ly  by v i r t u e  o f  
f re q u e n c y  o f  r e p e t i t i o n  and by a b ru p t  changes i n  f r e q u e n c y
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over s h o r t  tim e p e r io d s  ( s l u r s ) .  The pumphandle c a l l s ,  on 
th e  o th e r  hand , u s u a l l y  in v o lv e  d i s t a n c e  com m unication  and 
a re  l o c a t a b l e  by a p p r o p r i a t e  f e a t u r e s :  p u r i t y  o f  to n e ,
a b ru p t  s t a r t s  and s t o p s ,  and c l e a r ,  s h a rp ,  u n s l u r r e d  
f re q u e n c y  changes .
The B e l l  Song (BS) i s  m ain ly  a  t e r r i t o r i a l  c a l l ,  b u t  
i t  i s  a l s o  an a l e r t  s i g n a l  o r  e x p re s s io n  of e x c i te m e n t  
u s u a l l y  c o n c u r re n t  w i th  th e  p re s e n c e  o f  s t r a n g e ,  p o s s ib l y  
d a n g e ro u s ,  o b j e c t s  o r o rgan ism s i n  th e  en v iro n m en t.  Of a l l  
th e  c a l l s  i n  th e  r e p e r t o i r e  o f  th e  Blue Ja y ,  t h e  BS i s  th e  
p u r e s t  i n  to n e .  T h is  p u r i t y  o f  to n e ,  i n  c o m b in a t io n  w i th  a 
r e l a t i v e l y  low F and a b r u p t  s t a r t ,  s to p  and f re q u e n c y  change, 
a c c o u n t  f o r  th e  f a c t  t h a t  j . t  c a r r i e s  w e l l  over lo ng  d i s t a n c e s  
(Bremond, 1963). As a  t e r r i t o r i a l  c a l l  th e  BS i s  o f t e n  
accom panied by s im p le  bobbing  from  a co n sp icu o u s  l o c a t i o n  
( t r e e t o p s ,  e t c . ) ,  a f f o r d i n g  a v i s u a l  cue to  f a c i l i t a t e  
l o c a t i o n  o f  th e  c a l l e r .  As an  a l e r t  c a l l  th e  BS i s  o f t e n  
g iv e n  w i th  th e  i n v e s t i g a t o r y  p o s t u r e ,  which i s  a c t u a l l y  more 
an e x p r e s s io n  of th e  b e h a v i o r a l  s t a t e  o f  th e  b i r d  t h a t  can  
be i n t e r p r e t e d  as su ch  by a p ro x im a l  o b s e rv e r ,  t h a n  i t  i s  a 
d i s t a n c e  l o c a t i o n  c u e .  Hardy (1961) and Edwards (1971) have 
d e s c r ib e d  th e  BS as a t e r r i t o r i a l  c a l l  and Brown (196^) 
d e s c r ib e d  th e  s t r u c t u r a l l y  s i m i l a r  "m usica l c a l l "  o f  th e  
S t e l l e r ' s  Jay  as a t e r r i t o r i a l  c a l l .
The Wheedle B e l l  Song (WBS) f u n c t io n s  m a in ly  a s  an 
e x p r e s s io n  of u n c e r t a i n t y .  The s t a r t  and s to p  p o r t i o n s  o f
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th e  c a l l  a r e  l e s s  a b ru p t  th a n  th o s e  of th e  BS and th e  WBS i s  
u s u a l l y  g iv e n  a t  a  s l i g h t l y  low er  volume. Thus i t  i s  somewhat 
more d i f f i c u l t  to  l o c a t e ;  how ever, i t  i s  o f t e n  g iv e n  when 
b i r d s  a r e  i n  g roups and may be accom panied by s im p le  bobbing 
o r  i n v e s t i g a t o r y  p o s t u r e ,  b o th  o f  w hich l e n d  i t  some v i s u a l  
c o n s p ic u o u s n e s s .
The C l ic k  C a l l s
The c l i c k  c a l l s  a r e  u s u a l l y  i n t e r m e d i a t e  betw een 
harm onic  s p e c t r a  c a l l s  and pumphandle c a l l s  w i th  r e s p e c t  to  
dom inant f r e q u e n c y  v a lu e s .  They have few h a rm o n ic s ,  
p ronounced  changes i n  i n f l e c t i o n  over r e l a t i v e l y  long tim e 
spans and , o f  c o u rs e ,  c l i c k s .  The c l i c k  c a l l s  a re  u s u a l l y  
g iv e n  a t  r a t h e r  low volume, b u t  a re  e a s i l y  l o c a t a b l e  by 
v i r t u e  o f  t h e i r  s t r u c t u r e .  A l l  o f  th e  c a l l s  may se rv e  as 
a l e r t  n o t e s .  They may a l s o  e x p re s s  e x c i te m e n t  a s s o c i a t e d  
s im u l ta n e o u s ly  w i th  f e a r  and f r u s t r a t i o n .  One c a l l ,  th e  
T r i p l e  D escending  W h is t le  (TDW), i s  sometimes a  t e r r i t o r i a l  
o r  v i c t o r y  announcement c a l l .
I  o b se rv ed  the  R o l l in g  C l ic k  (RC) to  be g iv e n  on ly  by 
fem a le s  as  d id  Amadon (19*+^) and Edwards (1971); however.
Hardy (1961) r e p o r t e d  t h a t  he  h e a r d  t h i s  c a l l  from  b o th  s e x e s .  
Because th e  c a l l  i s  p ro b a b ly  l i m i t e d  to  f e m a le s ,  one would 
e x p e c t  i t  to  be g iv e n  i n  s e x u a l  c o n te x ts  o r ,  a t  l e a s t ,  i n  
r e l a t i o n  t o  a  s p e c i f i c a l l y  fem ale  a c t i v i t y .  W hile  Edwards 
( 1971) r e p o r t e d  t h i s  to  be t r u e ,  I  have n o t .  When th e  RC was 
n o t  g iv e n  a s  an a l e r t  c a l l ,  i t  seemed to  i n d i c a t e  f r u s t r a t i o n
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due to  a th w a r te d  d r iv e  to  f l e e .  Edwards (1971) m en tioned  
t h a t  fem a le s  g iv in g  th e  RC i n  a s e x u a l  c o n te x t  may have been 
i n  c o n f l i c t  s i t u a t i o n s ,  s p e c i f i c a l l y  a c o n f l i c t  betw een 
d r iv e s  to  f l e e  from  or a t t a c k  th e  male as he ap p ro ach ed .
These c i rc u m s ta n c e s  show some s i m i l a r i t y  to  th o s e  i n  which I 
o b se rv ed  th e  RC.
The e x tre m e ly  a b ru p t  c h a r a c t e r  o f  th e  RC, i n  a d d i t i o n  
to  i t s  e x c lu s iv e  a s s o c i a t i o n  w i th  bobb ing , make i t  an  
o b v io u s ,  e a s i l y  l o c a t a b l e  s i g n a l .
The D escending W h is t le  (DW) f u n c t i o n s  m a in ly  a s  an 
a l e r t  s i g n a l  or as  an e x p r e s s io n  o f  e x c i te m e n t  g e n e ra te d  by 
th e  s i t u a t i o n  w hich  p rom pts  th e  a l e r t  s i g n a l .  The v o ic e d  
sound i n  th e  DW i s  more obv ious  th a n  t h a t  i n  th e  RC and covers  
a much w id e r  f re q u e n c y  r a n g e .  This te n d s  to  overpow er th e  
a b ru p tn e s s  o f  c l i c k s  and th e  c a l l e r  i s  th u s  l e s s  e a s i l y  
l o c a t e d .  DW c a l l s ,  ho w ever, a r e  a s s o c i a t e d  w i th  low er l e v e l s  
o f  e x c i te m e n t .
The f u n c t i o n  o f  t h e  Growl (GR) i s  u n c l e a r .  I t  i s  
g iv e n  random ly by b i r d s  i n  a r e l a x e d  b e h a v io r a l  s t a t e  and 
p e rh a p s  m ere ly  s e r v e s  a s  an  e x p re s s io n  of t h a t  c o n d i t i o n .
The TDW i s  th e  o n ly  o th e r  t e r r i t o r i a l  c a l l  b e s id e s  
th e  BS. I t  i s  g iv e n  a t  a  low er i n t e n s i t y  th a n  th e  BS, b r t  i s  
f a i r l y  pu re  i n  to n e  and i s  c h a r a c t e r i z e d  by s low , s l u r r y  
f re q u e n c y  c h an g es .  The v o ic e d  sound i n  th e  TDW overpow ers 
th e  c l i c k s  a lm o s t  e n t i r e l y .  Because t h i s  c a l l  i s  sometimes 
g iv e n  by th e  w in n e r  o f  an a g g re s s iv e  e n c o u n te r ,  i t  may
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f u n c t i o n  as  a d e fe n se  o f  s m a l l ,  m ob ile  t e r r i t o r i e s  such  as 
i n d i v i d u a l  d i s t a n c e ,  m a te s ,  tem porary  p e rc h e s  and fe e d in g  
s t a t i o n s  r a t h e r  th a n  t e r r i t o r y  i n  t h e  u s u a l  se n se  (n e s t in g  
t e r r i t o r y ) .  The "m usica l  c a l l "  o f t h e  S t e l l e r ' s  Jay  (Brown, 
196*+), w hich  i s  s t r u c t u r a l l y  s i m i l a r  t o  b o th  th e  BS and the  
TDW, i s  o f t e n  g iv e n  d u r in g  c o n f l i c t s  be tw een  m a le s .  This
same c a l l  i n  th e  S t e l l e r ' s  Jay  i s  a l s o  a t e r r i t o r i a l  c a l l
s i m i l a r  i n  f u n c t i o n  to  th e  BS.
The pumphandle and c l i c k  c a l l s  a r e  more s i m i l a r  to
each  o th e r  i n  s t r u c t u r e  and f u n c t i o n  th a n  th ey  a r e  t o  the  
harm onic  s p e c t r a  c a l l s .  This s u g g e s t s  t h a t  th ey  may have 
evo lv ed  from  a s i n g l e  p r i m i t i v e  c a l l  c h a r a c t e r i z e d  by p u r i t y  
of to n e ,  ab sen ce  o f  h a rm o n ics ,  and a b ru p tn e s s  i n  changes of 
f r e q u e n c y .  Many o f  th e  c a l l s  i n  t h e s e  g roups f u n c t i o n  as 
a l e r t  s i g n a l s  or e x p re s s io n s  o f  m ild  e x c i te m e n t  g e n e ra te d  by 
p o t e n t i a l  r a t h e r  th a n  imminent d a n g e r .  I n  a d d i t i o n ,  one c a l l  
from each  group i s  u se d  as a  type  o f  t e r r i t o r i a l  c a l l .
Simple p u re  tone  c a l l s  o f  s i m i l a r  f u n c t i o n  a re  found 
i n  o th e r  New World ja y s  (Hardy, 1 969), b u t  th e  v a r i e t y  of 
c a l l s  s e e n  i n  th e  Blue Jay  r e p e r t o i r e  i s  n o t  p r e s e n t  i n  most 
c a s e s .  A number o f c o rv id s  have a r a t t l e  c a l l  s i m i l a r  to  th e  
RC (Amadon, 1944, Hardy, 1961 , S u t to n  and G i l b e r t ,  1942).
I  would l i k e  to  su g g e s t  t h a t  th e  c a l l s  deve lo ped  from 
th e  p r i m i t i v e  p u re  to n e  ty p e  c a l l  (pumphandle and c l i c k  c a l l s )  
were enhanced  by th e  com bina tio n  o f  c l i c k s  w i th  p u re  cone 
c a l l s .  Thus, t h e r e  i s  a spectrum  o f  c a l l s  ra n g in g  from a
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pure  tone  w h i s t l e  w i th  no c l i c k s  (BS) to  a c a l l  i n  w hich lo u d ,  
r e g u l a r  c l i c k s  dom inate  th e  v o ic e d  sound (RC).
I t  i s  d i f f i c u l t  to  s p e c u la te  w he ther  a p r i m i t i v e  
c l i c k  c a l l  a ro s e  in d e p e n d e n t ly  and was l a t e r  combined w i th  
pu re  tone  c a l l s  or w he ther  c l i c k s  a ro s e  as a " b y -p ro d u c t"  o f  
i n c r e a s e s  i n  a b ru p tn e s s  o f  f req u e n cy  changes o ve r  s h o r t e r  and 
s h o r t e r  t im e  p e r i o d s .
Song
The p r i n c i p a l  f u n c t i o n  of song i n  th e  B lue Jay  i s  as 
an accompaniment to  male c o u r t s h ip  bobb ing . I t  i s  v e ry  
m u s ic a l  i n  q u a l i t y  and h ig h ly  v a r i a b l e  i n  s t r u c t u r e .  A lthough 
song i s  always g iv e n  a t  a  v e ry  low volume, i t  can  be e a s i l y  
h e a rd  by th e  fem a le  who i s  r a r e l y  l e s s  th a n  a m e te r  away from 
th e  male d u r in g  c o u r t s h i p .  Brown (196^) d e s c r i b e s  a 
v o c a l i z a t i o n  com prised  o f  w h i s t l e - l i k e  to n e s  and g u t t e r a l  
sounds t h a t  i s  g iv e n  by th e  male S t e l l e r ' s  Jay  as he c i r c l e s  
and s i d l e s  up to  th e  fe m a le .
S e c o n d a r i ly ,  song f u n c t io n s  as  an i n d i c a t o r  of an 
e x c e e d in g ly  r e l a x e d  b e h a v io r a l  s t a t e .  S t r u c t u r a l l y  s i m i l a r  
v o c a l i z a t i o n s  have been d e s c r ib e d  i n  th e  Mexican Jay  (Brown, 
1963a ) ,  th e  Gray Jay  (Lawrence, 1957)? th e  E uropean  Jay  and 
L a n c eo la te d  Jay  (G a r ru lu s  l a n c e o l a t u s ) ,  r e s p e c t i v e l y  
(Goodwin, 1952). A l l  o f  th e s e  a u th o rs  r e p o r t  t h a t  th e  
v o c a l i z a t i o n  i s  g iv e n  random ly by b i r d s  i n  r e l a x e d  c o n d i t i o n s .  
Lawrence (1957) s u g g e s ts  t h a t  th e  v o c a l i z a t i o n ,  i n  such  a 
c o n te x t ,  c o n s t i t u t e s  d isp la c e m e n t  b e h a v io r .  1 do n o t  b e l i e v e
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t h i s  i s  t r u e  o f  B lue Jay  song because  t h e r e  i s  no e v id e n c e  o f  
d r iv e  c o n f l i c t  i n  th e  b e h a v io r  of s in g in g  b i r d s .
I n  c o n c lu s io n ,  b o th  the  v i s u a l  and v o c a l  com m unication  
s i g n a l s  o f  th e  B lue Jay  ap p ea r  to  have o r i g i n s  i n  s im p le ,  
s t e r e o t y p e d  b e h a v io r  p a t t e r n s .  Most o f th e  v i s u a l  d i s p l a y s  
a p p ea r  t,o be d e r iv e d  d i s p l a y s ,  t h a t  i s ,  th ey  a re  r i t u a l i z e d  
p a t t e r n s  d e r iv e d  from  s im p le  f i g h t  or f l i g h t  i n t e n t i o n  
m ovem ents.
The v o c a l  d i s p l a y s  appea r  to  have a r i s e n  from  two or 
t h r e e ,  a t  m o s t ,  p r i m i t i v e  ty p es  o f  c a l l s .  The f i r s t  t y p e ,  
from w hich  harm onic  s p e c t r a  may have d e v e lo p ed , was p ro b a b ly  
an a la rm  c a l l  r i c h  i n  h a rm o n ics ,  w i th  a h ig h  dom inant 
f re q u e n c y  t h a t  showed l i t t l e  change th ro u g h o u t  th e  d u r a t i o n  of 
th e  c a l l .  The second  ty p e  was p ro b a b ly  a t e r r i t o r i a l  c a l l ,  
pu re  i n  to n e  w i th  a low , a b r u p t ly  chang ing  dom inant f r e q u e n c y .  
C l ic k s  may have a r i s e n  as  th e  f re q u e n c y  changes w i t h i n  th e  
c a l l  r e t a i n e d  t h e i r  a b ru p tn e s s  b u t  o c c u r re d  i n  a s h o r t e r  tim e 
sp a n ,  o r  th e y  may have been  p r e s e n t  as a d i s t i n c t  a c o u s t i c  
s i g n a l  t h a t  was l a t e r  combined w i th  p u re  to n e  c a l l s .
E v o lu t io n  of com m unication s i g n a l s  i n  th e  B lue Jay  
shows a t r e n d  tow ard  v a r i e t y ,  r a t h e r  th a n  c o m p le x i ty .  Only 
one v i s u a l  d i s p l a y  ( c o u r t s h ip  bobb ing) and one v o c a l i z a t i o n  
(song) show a h ig h  d eg ree  o f  c o m p le x i ty .  I n s t e a d ,  a  w ide 
v a r i e t y  o f  v o c a l  and v i s u a l  s i g n a l s  has  d e v e lo p e d . The l a r g e  
number o f  c o n t e x t u a l l y  m o d i f ia b le  co m b in a tio n s  o f  b o th  ty p e s  
o f  s i g n a l s  r e n d e r s  th e  Blue J a y ' s  r e p e r t o i r e  o f com m unication  
s i g n a l s  q u i t e  e x t e n s i v e .
CHAPTER VI 
SUMMARY
V isu a l  and a c o u s t i c  comm unication s i g n a l s  i n  th e  Blue 
J a y ,  C y a n o c i t ta  c r i s t a t a , were s tu d ie d  i n  a p o p u l a t i o n  o f  25 
c a p t i v e ,  h a n d - r a i s e d  b i r d s  and " i n  t h e  f i e l d . "  O b s e rv a t io n ,  
a n a ly s e s  o f  16mm f i l m s ,  and so n a g rap h ic  a n a ly s e s  o f  r e c o rd e d  
c a l l s  were u se d  to  e l u c i d a t e  th e  p h y s i c a l  and f u n c t i o n a l  
c h a r a c t e r i s t i c s  o f  s i g n a l s .
Blue Ja y s  e x h i b i t  abo u t 20 d i s t i n c t  v i s u a l  
com m unication s i g n a l s .  The f u n c t i o n  of a g iv e n  s i g n a l  i s  
d e te rm in ed  by th e  c o n te x t  i n  which i t  i s  g iv e n ,  a s  w e l l  as 
f i x e d  or moving a s p e c t s  o f " f a c i a l  e x p r e s s i o n , "  head  p o s i t i o n ,  
body p o s i t i o n  and p i l o e r e c t i o n .  Movement i n  g e n e r a l ,  as w e l l  
as  movement o f  s p e c i f i c ,  o f t e n  v i s u a l l y  c o n s p ic u o u s ,  p a r t s  of 
th e  body or p lum age, p ro b a b ly  s e rv e s  to  g iv e  v i s u a l  em phasis 
to  d i s p l a y s ,  o f t e n  w i th o u t  changing  t h e i r  m ean ing , j u s t  as  an  
i n c r e a s e  i n  volume m ig h t  em phasize an  a c o u s t i c  s i g n a l .
V isu a l  com m unication  s i g n a l s  may be p l a c e d  i n  t h r e e  
groups on th e  b a s i s  o f  th e  f u n c t i o n a l  and p h y s i c a l  
s i m i l a r i t i e s  th e y  d e m o n s t r a te .  The f i r s t  group o f  p o s t u r e s ,  
w hich do n o t  a p p e a r  to  f u n c t i o n  a s  com m unicative  s i g n a l s ,  a re
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th o se  assumed d u r in g  m a in ten an ce  a c t i v i t i e s .  They a re  
c h a r a c t e r i z e d  by r e l a x e d  o r  f l u f f e d  plum age, n e u t r a l  body 
p o s i t i o n ,  a p p re s s e d  w in g s ,  and c lo s e d  t a i l .  The second group 
i s  c h a r a c t e r i z e d  f u n c t i o n a l l y  a s  p r i m a r i l y  a g o n i s t i c  and i s  
a s s o c i a t e d  w i th  e r e c t i o n  o f  body, and , e s p e c i a l l y ,  head 
plumage and a b ru p t  movements, i f  any, o f  w ings and t a i l .  The 
l a s t  group of d i s p l a y s  f u n c t i o n s  as su b m is s iv e  or 
s o l i c i t a t i v e  s i g n a l s  and i s  a s s o c i a t e d  w i th  s l e e k in g  o f  head 
and body plumage and f l u t t e r i n g  type  movements o f  th e  wings 
and t a i l .
Most o f  th e  v i s u a l  d i s p la y s  a p p ea r  to  be d e r iv e d  
d i s p l a y s ,  t h a t  i s  th ey  a r e  r i t u a l i z e d  p a t t e r n s  d e r iv e d  from 
sim ple  f i g h t  o r  f l i g h t  i n t e n t i o n  movements.
Twenty d i f f e r e n t  ty p e s  o f  v o c a l i s a t i o n s  i n  th e  Blue 
J a y ' s  a c o u s t i  c r e p e r t o i r e  a re  d e s c r ib e d .  A na ly ses  r e v e a le d  
t h a t  th e  c a l l s  may be p la c e d  i n  fo u r  d i s t i n c t  groups on th e  
b a s i s  o f  g ro s s  p h y s i c a l  c h a r a c t e r i s t i c s  and f u n c t i o n a l  
s i m i l a r i t i e s .  W ith in  g roups th e  c a l l s  d i f f e r  s t r u c t u r a l l y  
from each  o th e r  w i th  r e s p e c t  to  th e  number o f  sound s o u r c e s ,  
fund am en ta l  and dom inant f r e q u e n c i e s ,  i n f l e c t i o n ,  and th e  
o c c u r re n c e  and n a tu r e  o f  f re q u e n c y  m o d u la t io n .  The 
b i o l o g i c a l  s i g n i f i c a n c e  o f  a c a l l  i s  d e te rm in e d  by i t s  
p h y s i c a l  s t r u c t u r e ,  t h e  v i s u a l  d i s p l a y s  w i th  w hich i t  may be 
a s s o c i a t e d ,  and th e  b e h a v io r a l  c o n te x t  i n  w hich  i t  i s  g iv e n .
The harm onic s p e c t r a  c a l l s  a re  r i c h  i n  ha rm on ics ,  
h ig h  i n  dom inant f r e q u e n c i e s  and long  i n  d u r a t i o n .  They
158
f u n c t i o n  as  i n d i c a t o r s  o f  a la rm , f r u s t r a t i o n  and e x c i te m e n t  
a s s o c i a t e d  w i th  f e a r .  They a re  a l s o  u se d  as c o n ta c t  n o t e s .  
The pumphandle c a l l s  have few h a rm o n ic s ,  s t r o n g  f re q u e n c y  
m o d u la t io n ,  and low dominant f r e q u e n c i e s .  They i n d i c a t e  m ild  
e x c i te m e n t  and u n c e r t a i n t y ,  and th e y  a l s o  s e rv e  as 
t e r r i t o r i a l  o r  a l e r t  c a l l s .  The c l i c k  c a l l s  have h a rm o n ic s ,  
c l i c k s ,  s t r o n g  and r e g u l a r  f re q u e n c y  m o d u la t io n ,  and t e r m in a l  
downward i n f l e c t i o n .  They e x p re s s  e x c i te m e n t  a s s o c i a t e d  w ith  
b o th  f r u s t r a t i o n  and f e a r .  Song i s  h ig h ly  v a r i a b l e  i n  
p h y s ic a l  c h a r a c t e r i s t i c s  and i s  th e  p r i n c i p a l  v o c a l i z a t i o n  of 
th e  c o u r t in g  m ale .  I t  i s  a l s o  g iv e n  randomly by b i r d s  i n  a 
calm b e h a v io r a l  s t a t e .
T hat v o c a l i z a t i o n s  f a l l  i n t o  d i s t i n c t  s t r u c t u r a l  
g ro u p s , w h ich , w i t h in  th e m se lv e s ,  d e m o n s tra te  f u n c t i o n a l  
c o h e s iv e n e s s ,  s u g g e s ts  t h a t  d i v e r s i f i c a t i o n  from two or th r e e  
p r i m i t i v e  c a l l  ty p e s  has o c c u r re d .  E v o lu t io n  of 
com m unicative s i g n a l s  i n  th e  Blue Jay  shows a t r e n d  tow ard 
v a r i e t y ,  r a t h e r  th a n  c o m p le x i ty .  The c o m b in a t io n  o f  v i s u a l  
w i th  v o c a l  s i g n a l s  enhances th e  r e p e r t o i r e  o f com m unicative 
s i g n a l s .
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APPENDIX 
Symbols Used i n  t h e  D i s s e r t a t i o n  
AC The Alarm C a ll  (F ig .  1 9 ) .
AM A m plitude  m o d u la t io n — changes i n  th e  a m p litu d e  o f  a
v o c a l i z a t i o n .
BK The Begging Keu C a l l  (F ig .  2 7 ) .
BS The B e l l  Song (F ig .  3 3 ) .
CC The Crow C a l l  (F ig .  3 0 ) .
DC The D i s t r e s s  C a l l  (F ig .  l 8 ) .
DW The D escending W h is t le  (F ig .  3 7 ) .
F The fu n d am en ta l  f re q u e n c y  o f  a v o c a l i z a t i o n  or one o f
i t s  sound s o u rc e s ,  t h a t  i s ,  th e  f r e q u e n c y  w ith  th e  
l o w e s t  v a lu e .
FC The F lo c k  C o n tac t  C a l l  (F ig .  2 0 ) .
FM F req u en cy  m o d u la t io n — changes o r  w a rb le s  o f the
fu n d a m e n ta l  f re q u e n c y .
GR The Growl (F ig . 3 8 ) .
H I, H2, e t c .  The f i r s t  ha rm o n ic , second  harm on ic , e t c .
LK The Loud Keu C a ll  (F ig .  2 9 ) .
MC The Meow C a l l  (F ig .  31 ) .
RC The R o l l in g  C lic k  C a l l  ( F ig .  3 6 ) .
163
164-
81 One of th e  sound so u rc e s  ( th e  f i r s t  d e s c r ib e d  f o r
each c a l l  i n  th e  t e x t )  o f  a  v o c a l i z a t i o n .
82 The second  sound so u rc e  d e s c r ib e d  f o r  a v o c a l i z a t i o n
i n  th e  t e x t .
8K The 8 o f t  Keu C a l l  (F ig . 2 8 ) .
88 A sound s o u r c e —one of two sounds t h a t  can  be
p roduced  by a Blue Ja y .
TDW The T r i p l e  D escending W h is t le  (F ig .  3 9 ) .
WB8 The W heedle B e l l  8ong (F ig .  3 5 ) .
YB8 The B e l l  8ong o f  young Blue Jay s  (F ig . 34-).
YFB1, YFB2, e t c .  The Food-begging  C a l l  o f young Blue
J a y s ,  Type 1 ; Type 2 , e t c .  (F ig s .  23 -  2 6 ) .
YFC The F lo c k  C o n tac t  C a l l  o f young Blue Ja y s  (F ig .  2 2 ) .
